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A.  The  steam  catapult  system  is  exposed  not  only  to  steam  and  high  tem- 
peratures, but  also  to  sea  water,  salty  air,  jet  fuel,  hydraulic  fluids, 
detergents,  lubricants,  solvents,  and  general  neglect  during  service. 
General  maintenance  is  scheduled  after  extended  periods  of  time,  so  that 
during  a major  overhaul  (approximately  every  4 years)  it  becomes  necessary 
to  replace  large  numbers  of  fasteners  to  restore  the  system  to  a "new1* 
condition.  The  fasteners  which  clamp  the  various  components  together  are 
usually  scrapped  or  burned  away  because  of  their  deteriorated  condition. 


B.  This  program  was  conceived  for  the  purpose  of  determining  which  mate- 
rials and  alloys  are  necessary  to  prevent  a massive  corrosion  attack  of 
fasteners  and  the  materials  they  join.  Specifically,  the  scope  is  limited 
to  fasteners  used  for  high  temperature  service  up  to  700°F  as  well  as  those 
used  at  temperatures  up  to  250°F  with  a broad  environmental  exposure. 

C.  The  250°F  deck  condition  is  common  to  a large  number  of  bolts  used  to 
fasten  the  bridle  arrester  track.  These  socket  head  or  external  wrenching 
bolts  are  situated  in  counterbored  holes  where  liquids  are  normally  entrapped 
and  migrate  down  to  a blind  threaded  area  where  severe  corrosion  is 
initiated.  Removal  of  the  bolt  is  difficult  and  sometimes  impossible  with- 
out resorting  to  drilling.  Repair  of  the  hole  requires  welding,  drilling, 
and  tapping. 

D.  For  the  700°F  application,  uncoated  studs  and  nuts  are  used  to  clamp 
together  the  steam  pipe  flanges  which  are  originally  painted  with  ar. 
ineffective  aluminum  silicone  coating.  The  pipe  and  flanges  are  covered 
with  insulation  which  becomes  soaked  with  corrodents  from  deck  leakage. 
Corrosion  attack  is  so  intense,  the  fasteners  seem  to  become  "welded" 
into  the  flange  and  require  burning  and  hammering  in  order  to  remove  them. 
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II.  SUMMARY 
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A.  PRlXlEDURES  .AND  RESULTS.  After  .1  visit  to  the  l.'.S.S.  Saratoga,  the 
mechanical  parameters  of  this  study  were  explored  before  initiating  screen- 
ing tests  of  various  coating  systems.  These  tests  were  conducted  with 
simple  fastened  svstems  using  a 5“  salt  spr.iv  environment  and  an  oven  at 
700°F.  The  bes*  svstems  observed  were  tested  in  nine -month  exposures  using 
larger  fasteners,  more  realistic  joints  and  the  simulated  environmental 
exposure  of  an  operational  aircraft  carrier  steam  catapult. 

Although  design  changes  in  the  basic  hardware  will  prevent  corrodents  from 
entering  blind  holes,  .ne  major  attack  is  on  exposed  surfaces  which  require 
much  more  protection.  Corrosion  resistant  alloys  perform  well  but  thick 
plated  coatings  also  prevent  corrosion  for  extended  periods.  The  use  of 
thick  noble  coatings  on  exposed  surfaces  and  sacrificial  coatings  on 
unexposed  surfaces  was  found  to  be  successful.  A polysulfide  sealant  em- 
ployed to  prevent  corrodent  seepage  into  blind  holes  was  very  useful.  It 
was  applied  over  zinc  and  over  cadmium  and  allowed  to  cure  on  the  fastener 
before  being  torqued  in  place. 

An  exposure  aboard  ship  was  found  to  produce  the  same  kind  of  attack  on 
high  temperature  fastening  systems  as  found  in  a long  term  simulation  test. 
Also,  electrochemical  tests  provided  quantitative  data  which  supported  the 
visual  evidence  ac  cum'.:  la  ted  over  many  months  of  laboratory  tests. 

B.  CONCLUSIONS  . 

1.  The  normally  supplied  cadmium  thickness  on  alloy  steel  fasteners 
for  bridle  arrester  track  use  is  not  able  to  cope  with  the  severe  corrosion 
environment  encountered  in  service.  The  maximum  thickness  offered  under 
QQ-P-416C  is  not  thick  enough  to  prevent  rusting  of  the  bolt  threads. 
Therefore,  a much  greater  thickness  of  cadmium  should  he  employed  (more 
than  0.0005"). 

2.  A heavv  nickel  plating  will  protect  the  heads  of  bridle  •’rrester 
track  bolts  but  cadmium  plating  should  be  employed  over  it  to  protect  the 
threaded  holes  and  to  lubricate. 

3.  Sealants  provide  excellent  protection  and  should  be  employed 
whenever  possible  to  prevent  the  flow  of  corrodents. 

U.  Noble  coatings  and  corrosion  resistant  alloys  outperform  sacri- 
ficial coatings  in  high  temperature  applications. 

C.  RECOMMENDATIONS . 

1.  Investigate  sacrificial  coating  systems  using  cadmium  or  zinc  and 
cadmium  with  total  thicknesses  of  1 mil  (0.001"). 

2.  Investigate  a coating  system  where  nickel  protects  the  exposed 
surfaces  and  cadmium  over  nickel  protects  the  unexposed  and  mating  surfaces. 

3.  Investigate  coating  systems  where  sealants  are  employed  in 
combination  with  the  above  mentioned  coatings. 
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OerineTr  1 V/  (per  AMS  2506)  coated  studs  and  nuts 
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SermeTel  W (per  AMS  2506)  coated  studs  and  nuts  after 
9 months  at  Ocean  City 
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55. 

Flange  bolt  block  after  9 months  at  Ocean  City,  with 
SermeTel  W (650PF  + 1000°F  cure)  coated  studs  and  nuts 
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SermeTel  W (650°F  + 1000°F  cure)  coated  studs  and  nuts 
after  9 months  at  Ocean  City 
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57. 

Flange  bolt  block  after  9 months  at  Ocean  City  with 
Inconel  718  studs  and  nuts 
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Inconel  718  studs  and  nuts  after  9 months  at  Ocean  City 
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59. 

Bare  studs  and  nuts  after  6 months  on  U.S.S.  Saratoga 
exposure  rack 
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60. 

Diffused  Ni-Cd  studs  and  nuts  after  6 months  on  U.S.S 
Saratoga  exposure  rack 
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61. 

Nickel  plated  (0.7  mil)  studs  and  nuts  after  6 months 
on  U.S.S.  Saratoga  exposure  rack 
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62. 

Electroless  nickel  plated(0.4  mil)  studs  and  nuts  after 
6 months  on  U.S.S.  Saratoga  exposure  rack 
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63. 

Nickel  plated  (0.4  mil)  studs  and  nuts  after  6 months  on 
U.S.S.  Saratoga  exposure  rack 

109 

b4. 

Inconel  718  studs  and  Waspaloy  nuts  after  6 months  on 

U.S.S.  Saratoga  exposure  rack 
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CORROSION  PROGRAM 
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A.  INTRODUCTION. 

1.  General  Corrosion  can  never  he  completely  arrested,  but  merely 
resisted,  since  it  is  theoretically  impossible  to  eliminate  it,  but  it  is 
possible  to  control  it.  Even  in  this  ultra-modern  age  of  moon  exploration, 
the  "back  to  nature"  process  of  a metal  returning  to  its  most  stable  chemical 
form  must  be  tolerated. 

The  literature  is  full  of  corrosion  studies  of  sufficient  merit  to  warrant 
a life-long  dedication  to  the  reading  of  selected  topics.  So  many  investi- 
gations into  a myriad  of  problems  have  already  been  published  that  it  seems 
unlikely  to  have  to  search  deeply  to  find  an  answer  to  a specific  problem. 
But,  this  is  not  the  case  because  of  the  many  different  parameters  affecting 
each  problem. 

Naval  structures  are  used  in  a unique  environment  consisting  largely  of 
salt  laden  air  and  very  conductive  water.  Very  few  land  based  industries 
have  similar  environments  and  usually  do  not  have  time,  manpower  and 
material  restrictions  common  to  a crowded  warship  at  sea.  These  are  the 
parameters  which  directly  affect  housekeeping  or  maintenance,  and  create 
problems  which  compound  until  severe  degradation  occurs.  At  this  point, 
better  svstems  are  needed  which  will  withstand  the  test  of  time. 

The  steam  catapult  system  is  exposed  not  only  to  steam  and  high  temperatures, 
tut  also  to  sea  water,  salt  air,  jet  fuel,  hydraulic  fluids,  lubricants, 
detergents,  solvents,  and  general  neglect  during  service.  While  the  latter 
condition  is  not  planned,  it  often  becomes  necessary  as  a function  of 
expediency  in  conducting  missions. 

General  maintenance  is  scheduled  after  extended  periods  of  time,  so  that 
a major  overhaul  becomes  necessary  to  restore  the  system  to  a "new" 
condition.  This  work  is  costly  and  time  consuming,  especially  where  large 
areas  have  to  be  refurbished.  The  fasteners  which  clamp  the  various 
components  together  are  usually  scrapped  or  burned  away  because  of  their 
deteriorated  condition. 

This  program  was  conceived  for  the  purpose  of  determining  which  materials 
and  alloys  are  necessary  to  prevent  massive  corrosion  attack  of  fasteners 
and  the  materials  they  join.  Specifically,  the  scope  is  limited  to 
fasteners  used  for  high  temperature  service  up  to  700°F  and  for  those 
used  up  to  about  250°F  but  exposed  to  a wider  variety  of  conditions. 

The  latter,  or  deck  condition,  is  common  to  a large  number  of  bolts  used  to 
fasten  the  bridle  arrester  track.  These  socket  head  or  external  wrenching 
bolts  sit  in  a counterbored  hole  in  manganese  bronxe , stainless  steel  or 
alloy  steel,  where  liquids  are  normally  entrapped.  The  liquid  migrates 
down  to  the  blind  threaded  area  ia&addad  in  alloy  steel  and  causes  corro- 
sion severe  enough  to  prevent  removal  of  the  bolt  by  conventional  torquing. 
The  bolt  sometimes  breaks  or  the  drive  is  reamed  out.  Welding  a nut  on 
the  head  sometimes  facilitates  removal  but  oftentimes  a torch  is  required 
to  burn  the  "remnants"  out.  When  the  threaded  hole  is  destroyed,  a 
larger  hole  is  drilled,  tapped  and  an  insert  installed toz  if  the  hole  is 
^^oo  large,  it  is  filled  with  weld  metal,  redrllled,  and  tapped.  __J 
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The  corrosion  is  due  to  the  presence  of  sea  water,  splashed  around  the 
deck  for  various  purposes  including  fire  fighting.  Other  liquids  such  as 
AFFF  (fire  fighting  foam),  jet  foam,  detergents,  hydraulic  fluids,  paint 
strippers,  and  perhaps  even  fresh  water  may  find  their  way  into  the  crevices 
and  recesses  between  mating  structural  surfaces  as  well  as  those  provided  by 
the  threaded  fasteners.  It  has  been  firmly  established  that  voluminous 
corrosion  products  between  structural  mating  surfaces  can  produce  sufficient 
force  to  exceed  the  maximum  tensile  strength  limits  of  fasteners  used  to 
provide  clamping.  Even  though  sacrificial  coatings  are  usually  employed 
on  bolts  and  nuts  to  resist  corrosion,  they  can  provide  only  a finite 
amount  of  service  before  they  are  consumed  or  depleted.  Of  course,  some 
coatings  are  better  than  others.  Traditionally,  electroplated  cadmium  has 
exhibited  the  most  protective  properties  in  marine  environments.  It  is  very 
widely  used  by  most  industries  for  other  applications  too. 


! 

I 


I 


In  this  particular  application,  cadmium  has  been  used  ir.  a thickness  of 
0.0002"  to  0.0004".  Typically,  the  actual  thickness  is  likely  to  be  closer 
to  the  minimum  value.  When  this  factor  was  considered  recently,  a 
recommendation  was  made  by  SPS  to  increase  the  thickness  to  a minimum  of 
0.0005",  While  this  improvement  should  provide  more  lasting  protection  to 
the  joint  because  more  sacrificial  metal  is  present,  it  may  not  prevent  the 
aforementioned  problems  from  reoccurring.  The  reason  for  this  is  because  of 
the  joint  design  which  invited  corrodents  to  penetrate  by  gravity  or  capillary 
action 


The  solution  to  this  particular  pioblem  is  typical  of  the  solution  to  every 
other  bolt  problem  in  the  steam  catapult  area.  Since  the  corrosion  inten- 
sity is  on  a massive  scale,  protection  should  be  proportional  to  it. 
Unfortunately  for  threaded  fasteners,  the  fit  is  critical  to  maintain 
clamping  load,  and  insufficient  allowance  for  appreciable  coating  thickness 
is  the  usual  practice.  The  fastener  material,  however,  is  a contributory 
factor  and  should  be  considered  along  with  the  mechanical  and  environmental 
parameters.  Of  primary  concern  is  the  propensity  for  the  bolt  alloy  to 
corrode  when  barrier  or  sacrificial  coatings  are  depleted  or  destroyed. 

Below  deck,  temperatures  of  the  steam  catapult  hardware  reach  as  high  as 
700°F  and,  combined  with  the  leakage  of  contaminant  liquids  from  above, 
cause  extensive  corrosion  of  fittings  and  faateners.  Lagging  material, 
made  of  magnesium  silicate  or  equivalent  compounds,  seems  to  act  as  a wick 
for  maintaining  moisture  laden  concentrated  salts  adjacent  to  the  hardware. 
Temperature  cycling,  humidity  and  leakage  contribute  synergistically  to 
provide  a haven  for  corrosion  to  occur.  Conventional  coatings  such  as 
cadmium  or  zinc  cannot  be  used  because  they  may  cause  stress  allov  clacking 
St  this  tfes^erature.  Corrosion  is  so  intense  that  U is  impossible*- to  (remove 
the  nuts.  They  are  burned  off  and  the  fastening  system  is  discarded. 


In  order  to  prevent  the  overall  problem,  temperature  resistant  coatings 
must  be  employed  over  the  bare  metal  fittings  in  thicknesses  sufficient  to 
thwart  the  penetration  of  corrodents.  These  thicknesses  are  usually 
recommended  in  mils,  whereas  fastener  coatings  are  specified  in  fractions 
of  one  mil.  Therefore,  if  it  is  possible  to  provide  adequate  protection 
to  these  fasteners,  the  protection  must  emanate  from  quality  rather  then 
quantity.  Sacrificial  coatings  have  a history  of  not  lasting  long  enough. 
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("Although  much  of  the  reason  is  due  to  minimal  thickness  requirements.  On  ~"1 
the  other  hand,  if  an  excess  of  a sacrificial  coating  were  present,  its 
surface  would  be  largely  an  accumulation  of  corrosion  products,  generated 
over  a period  of  time.  It  is  reasonable  to  assume  that  an  adequate  thickness 
of  a more  noble  coating  on  the  fasteners  would  be  a better  approach  in 
combination  with  a thick  barrier  coating  on  the  pipe  flange.  Another 
alternative  is  a high  temperature  alloy  which  does  not  produce  voluminous 
scale  in  this  environment. 

Whatever  the  solution,  it  must  be  weighted  in  accordance  with  established 
procedures,  other  components  in  the  system,  and  overall  cost.  The  two  areas 
discussed  here  represent  only  a small  fraction  of  the  fastener  corrosion 
problems  aboard  an  aircraft  carrier,  but  are  indicative  of  che  severity  of 
the  attack  and  of  the  concern  to  the  Navy.  This  program  was  aimed  at  the 
solution  of  general  fastener  corrosion  problems.  By  utilizing  "state  of 
the  art"  coating  technology  to  determine  if  coatings  are  capable  of 
adequate  protection  in  thicknesses  which  do  not  cripple  the  performance  of 
threaded  fasteners,  this  goal  should  be  reached.  Alternately,  more  corrosion 
resistant  fasteners,  due  to  better  alloys,  may  also  provide  a solution. 

In  order  to  study  the  cause  and  effect  relationship , a model  was  produced, 
where  the  effect  could  be  duplicated.  If  one  model  duplicated  the  various 
corrosion  conditions  found  in  service,  the  study  would  be  much  easier. 

This  is  not  the  case  however,  and  a number  of  models  or  environments  had  to 
be  used,  each  for  a particular  problem.  Two  specific  problems  in  steam 
catapult  systems  were  selected  from  this  program.  They  were  chosen  because 
they  are  representative  of  the  more  troublesome  problems  and  are  far 
enough  apart  environmentally  to  require  different  approaches. 

2.  Carrier  Visit.  One  week  after  the  initiation  of  this  study,  the 
U.S.S.  Saratoga  (CVA60)  was  visited  at  the  Norfolk  Naval  Shipyard  by  three 
SPS  representatives.  At  this  time  (April  12,  1973),  the  track  and  launch 
valves  were  in  an  advanced  state  of  disassembly  and  repair.  Several  visible 
areas  required  a great  deal  of  work. 

Bolts  installed  on  the  track  covers  were  primarily  socket  head  cap  screws 
or  12-point  external  wrenching  bolts.  After  exposure,  the  lobes  of  the 
12-point  bolts  corrode  and  crumble  away,  leaving  no  wrenching  surface.  On 
occasion,  the  head  is  mechanically  damaged  by  large  metal  objects  and 
wrenching  becomes  impossible. 

Resident  personnel  prefer  the  socket  head  to  the  external  wrenching  bolts 
(EWB)  but  would  like  to  try  an  EWB  with  a hex  recess  instead  of  a lighten- 
ing hole.  If  one  of  the  drives  is  damaged,  the  remaining  one  could  still 
be  used. 

Below  deck  in  the  launch  valve  room,  the  situation  seemed  worse  than  the 
description  in  the  previous  section.  It  was  learned  that  a high  temperature 
aluminum  silicone  paint  was  used  on  the  steam  pipes,  but  the  result  was 
complete  flaking  of  the  paint  and  zero  protection. 

Conversation  with  knowledgable  military  and  civilian  personnel  revealed  a 
situation  very  difficult  to  completely  remedy,  due  to  the  disregard  for 
expending  time  for  repairs  at  sea.  The  seamen  who  maintain  the  system 

| are  under  pressure  to  minimize  downtime  and  perform  little  or  no  preventativy 
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•maintenance.  Therefore,  any  system  installed  at  dockside  gradually 
deteriorates  until  the  next  dockside  visit.  While  on  dutv  station,  the 
carrier  is  attended  hv  local  "craftsmen"  who  are  not  responsible  for  the 
catapult  system,  so  that  the  only  real  attention  given  is  by  the  home  port 
maintenance  teams  and  by  the  NAEC  engineering  department. 

further  hardships  encountered  are  limited  funds  and  time  for  maintenance 
and  re;>oir.  This  condition  generally  leads  to  increased  deterioration 
since  marginal  materials  and  solutions  are  used  instead  of  more  permanent 
rented  i es  . 

3.  Evaluation  of  Exposed  Bolts.  A number  of  12-point  external 
wrenching  bolts  purchased  from  S PS  were  installed  in  the  4340  steel  impact 
bridle  arrester  track  and  were  exposed  to  service  for  a few  months.  At  this 
time,  new  bolts  manufactured  at  the  same  time  were  substituted  in  ^heir 
place  and  the  exposed  bolts  were  examined. 

At  first  glance  they  looked  very  rusty,  but  after  cleaning  in  solvents  and 
with  soap  and  water,  the  rust  blanket  was  washed  away.  The  cadmium  plated 
alloy  steel  bolts  (SPS  74589)  still  had  cadmium  present  on  most  of  the 
threads  and  on  more  than  75£  of  the  head.  Rusting  and  slight  pitting  was 
evident  under  the  head  where  contact  with  the  bare  steel  track  was  made  and 
where  a corrodent  would  have  a good  chance  of  remaining  because  of  capillary 
action. 

The  A-286  alloy  bolts  (SPS  74589CD)  used  in  the  same  application  appeared  to 
be  rusty  but  were  not.  Besides  losing  the  cadmium  all  over  the  head  and 
partially  on  the  threads,  they  were  undamaged. 

B.  PROCEDURES. 

1.  Design  Improvements.  The  use  of  sealants  has  been  advocated  as 
a method  to  reduce  corrosion  for  some  time.  Aircraft  are  literally  covered 
with  it  but  are  not  disassembled  like  the  catapult  system.  Nevertheless, 
there  is  a place  for  sealants  and  some  areas  in  the  steam  catapult  are  good 
candidates.  Some  trials  have  been  conducted  with  aircraft  type  polvsulfide 
sealants  where  the  viscosity  in  cold  weather  makes  it  difficult  to  work 
with.  Generally,  sealants  are  for  permanent  applications  and  should  not 
be  used  where  they  will  normally  extrude  out.  A few  possible  applications 
for  these  products  are: 

a.  Bridle  Arrester  Track.  The  bridle  arrester  track  sits 
directly  on  the  steel  track  cover  as  shown  in  Figure  l and  is  bolted  to  it. 
Liquid  corrodents  are  able  to  seep  underneath  it  as  well  as  down  into  the 
bolt  holes  as  shown  in  Figure  2.  If  the  track  were  sealed  to  the  track 
cover,  removal  would  be  more  difficult  but  replacement  at  sea  would  probab- 
ly not  include  a resealing  effort.  Thus,  the  initial  effort  would  be  in 
vain.  If  the  track  were  in  two  pieces  as  in  Figure  3,  where  the  bottom 
piece  was  sealed  permanently  to  the  track  cover  by  a wet  sealant,  liquids 
would  not  be  able  to  get  to  the  blind  holes  as  easily.  If  the  bottom 
piece  is  Teflon  coated  before  sealing,  removal  can  be  expedited. 

b.  Stainless  Steel  Inserts.  The  substitution  of  a stainless 
Insert  for  a tapped  alloy  steel  blind  hole  provides  corrosion  resistance 
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Hs  well  as  increased  scrength.  If  a deep  insert  Is  used,  additional  threads^ 
are  available  for  a longer  length  bolt  as  shown  in  Figure  4.  The  interlace 
between  the  insert  and  the  enlarged  hole  should  be  sea  ed  to  eliminate 
galvanic  corrosion 

c Bridle  Arrester  Track  Bolt.  The  addition  ot  ■ i sealant  to 
the  conventional  socket  head  or  external  wrenching  head  should  aid  in 
reducing  corrodent  seepage.  However,  if  a countersunk  design  were 
incorporated  as  shown  in  Figure  5,  a Teflon  coating  would  he  more  compatible 
and  should  facilitate  sealing  of  the  joint.  Even  if  sealant  was  applied 
over  the  Teflon  and  was  subsequently  removed  during  maintenance,  the  more 
permanent  Teflon  could  still  provide  sufficient  sealing  to  prevent  seepage. 

The  redesign  of  the  bridle  track  bolt  as  shown  above,  can  he  carried  a few 
steps  further  by  incorporating  features  which  provide  convenience.  The 
addition  of  a dual  drive,  locking  device  on  the  threads,  o-ring  seal. 

Teflon  coating,  removable  cover  plate,  and  squeezable  void  filler  all  help 
to  Improve  the  performance.  These  features  are  illustrated  in  Figures  b 
through  9.  The  overall  dimensions  for  the  proposed  dual  drive  bolt  are 
shown  in  Figure  10.  An  internal  hex  drive  coupled  with  an  external  12-noint 
drive  serves  aa  an  alternate  means  of  installation  and  removal.  The  hex 
recess  is  easier  to  manufacture  than  a square  drive  and  will  result  in  an 
economical  saving.  The  countersink  is  an  optional  feature,  but  one  which 
will  provide  improved  corroaion  protection  to  the  joint. 

d.  Optional  Bolting  in  Materials  for  High  lemperature  Flanged 
Joints.  The  harsh  environment  coupled  with  the  elevated  temperature 
requirements  of  650  F indicates  a need  for  a high  temperature  corrosion 
resistant  allov.  A moderate  degree  of  strength  is  requ.red  along  with 

the  aforementioned  properties.  Originally,  in  the  proposal  to  this  contract, 
A-286  was  thought  to  provide  all  of  the  characteristics  necessary.  However, 
it  was  quickly  determined  that  it  would  lose  its  preload  when  the  system 
reached  operating  temperature.  A number  of  other  materials  were  considered 
for  the  application  and  a detailed  set  of  calculations  were  required  to 
generate  the  appropriate  relationships  so  that  an  accurate  assessment  of 
applicability  could  be  made. 

The  calculations  follow  along  with  a sumnary  in  Table  1 showing  that  Inconel 
718  and  MP159  come  closest  to  matching  the  4130  steel  flange.  The  worst 
alloy  Is  A-286,  followed  by  MT35N  and  Waspaloy.  The  highest  clampup  is 
with  PH13-8Mo,  a martinsitic  stainless  steel. 

In  terms  ot  recommend ing  an  allov,  the  Inconel  718  is  h ighest  on  the  list 
because  of  its  excellent  corrosion  resistance  both  general  and  in 
crevices  It  is  quite  resistant  to  stress  corrosion  cracking  and 

hydrogen  embrittlement,  also. 

e.  Etlect  of  Temperature  Change  on  the  Preload  of  a Flanged 
Bolt.  This  analysis  (Appendix  AT  takes  into  account  the  thermal  expansion 
of  both  the  bolt  and  p'int  materials  as  well  as  the  change  in  Young's 
Modulus  with  temperature  of  both  materials. 
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f.  Effect  of  Plating  Thickness  on  Shear  Areas  of  Threaded 
Fasteners.  In  an  effort  to  improve  corrosion  resistance  of  bolts  and  nuts, 
consideration  has  been  given  to  increased  plating  tnickness.  While  thick- 
nesses are  normally  below  0.5  mil,  threads  can  be  "sized"  to  allow  heavier 
coatings.  Tables  and  figures  were  generated  which  show  the  effect  of 
plating  thickness  on  thread  dimensions  and  the  resulting  change  in  shear 
area  of  the  engaged  bolt  and  nut. 


Tables  II  through  IV  give  dimensions  for  three  bolt  sizes  while  Tables  V 
through  VII  give  the  effect  of  the  thread  dimensions  on  the  shear  area. 
Figures  11  through  16  show  the  effect  of  the  plating  thickness  and  thread 
engagement  on  the  shear  area  of  the  threaded  members.  Finally,  in 
Table  VIII,  the  maximum  shear  area  loss  as  a function  of  plating  thickness 
is  shown. 


2.  Exposure  Program  - Deck  Bolts. 

a.  Screening  Test  Specimen  Design.  The  design  of  a suitable 
specimen  for  representative  joints  of  the  catapult  track  cover  was  patterned 
after  the  T-rail  and  bridle  arrester  applications  where  the  bolt  is 
clamping  dissimilar  metals  together  and  is  subject  to  corrodent  contamina- 
tion from  more  than  one  direction.  A typical  area  of  the  track  cover 
involves  a bolt  Joining  two  metal&  as  shown  in  Figure  1 The  bolt  head  is 

usually  recessed  and  the  threads  may  or  may  not  be  in  a blind  tapped  hole. 

The  bridle  arrester  track  is  a good  example  of  galvanic  incompatibility 
and  is  illustrated  in  Figure  2.  The  corrodent  enters  the  ioint  from  three  ! 

directions  and  eventually  finds  its  way  into  the  tapped  hole  where  It  i 

collects  and  causes  severe  degradation.  i 

i 

i 

A simple  but  suitable  specimen  design  which  allows  top  ind  side  entry  of 
corrodents  was  fabricated  from  the  alloys  normally  used  aboard  the  carrier. 

This  specimen,  shown  in  Figure  17,  consists  of  an  upper  bushing  made  of 
304  stainless  steel,  AISI  4340  alloy  steel  or  manganese  bronze,  and  a 
lower  blind  tapped  bushing  made  of  1018  steel.  The  upper  bushing  has  a 
counterbore  to  accommodate  the  bolt  head  with  ample  clearance  for  corrodent 
to  collect.  It  was  tapered  at  its  lower  end  to  allow  liquid  to  accumulate 
at  the  corrodent  entry  slot  of  the  lower  bushing. 


b.  Coating  Selections.  IVenty  five  coatings  were  screened. 
Including  both  organic  and  inorganic  compounds.  Those  selected  for  the 
track  application  required  temperature  capabilities  of  250eF.  They  are 
described  in  Table  IX. 

The  coating  selection  included  several  candidates  unknown  for  fastener  use 
along  with  a number  of  combinations  thought  to  provide  useful  properties. 
Little  attention  was  given  to  economic  considerations  or  dimensional 
control  , both  of  paramount  importance  for  the  final  inspection.  In 
addition  to  those  coatings  listed  in  Table  LX,  a number  of  metal  coatings 
to  be  applied  by  metal  powder  or  wire  spray  were  considered  by  NAEC . 

However,  these  were  not  received  in  time  to  be  included  in  the  selection  for 
the  long  term  test . 
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c.  Coating  Application.  Moat  of  the  electroplated  coatings 


1 


were  prepared  at  SPS  in  comnercial  plating  baths  with  recommended  practices. 
The  fasteners  were  mechanically  blasted  with  120  grit  aluminum  oxide  and 
then  plated  according  to  applicable  specifications,  as  listed  below: 


Plating  Specifications 


Plating 

SPS  No. 

Specification 

1 . 

Cadmium  + Iridescent  Dichromate 

P4 

0Q-P-416,  Type 

II 

2. 

Zinc  + Iridescent  Dichromate 

P8 

OQ-Z-325,  Type 

II 

3. 

Dull  Nickel 

P12 

QQ-N-290,  Class 

2 

4. 

Diffused  Nickel-Cadmium 

P24 

AMS  2416 

d.  Coating  Description. 

A description 

of  the  various 

coatings 

used  is  given  below: 


1.  Electroplated  Aluminum.  This  coating  was  provided 
by  Ametek  Electrochemical  Development  Labs  in  Sellersville  , Pa.  It  is 
elecurodeposited  from  an  ether  bath  in  barrels  or  by  rack  immersion. 
Alodine  1200S  is  a standard  post  conversion  coating  applied  for  most 
corrosion  environments.  Electroplated  aluminum  is  a very  pure  metal  and 
extremely  susceptible  to  salt  spray  attack  from  the  chloride  ion.  Being 
sacrificial  as  well,  it  is  consumed  rapidly  in  marine  environments  when 
coupled  to  more  noble  materials  such  as  steel,  stainless  steel,  and 
manganese  bronze . 


2.  Flame  Spray  Aluminum.  This  coating  was  provided  by 
the  Naval  Air  Engineering  Center  and  is  similar  to  that  developed  by 
Metco,  Inc.  of  Westbury,  Long  Island,  N.  Y.  The  coating  was  much  too 
thick  and  spalled  off  the  base  metal  during  attempts  to  densify  it  and 
reduce  its  dimension.  It  was  not  tested.  Much  of  the  protection  afforded 
by  the  coating,  according  to  Metco,  is  a result  of  the  generous  thickness 
usually  applied.  Also,  an  oxide  layer  surrounds  the  aluminum  metal  and 
offers  further  barrier  protection.  The  protection  provided  by  thin 
coatings  on  the  order  of  l mil  or  less  is  generally  unknown  but  should  be 
considered  marginal  at  best. 

3.  Thermal  Decomposition  Aluminum.  Xenoclad  is  the  name 
given  to  this  pure  aluminum  coating  provided  by  TESCO  of  Houston,  Texas. 

It  is  deposited  by  heating  the  sample  to  a temperature  exceeding  600°F 
followed  by  quenching  in  an  organo-aluminum  liquid  compound  which  decomposes. 
The  coating  is  characterised  by  its  complete  coverage,  even  in  deep 
recesses.  However,  being  a pure  aluminum,  it  is  extremely  susceptible 

to  salt  spray  attack  and  is  consumed  quickly. 

4.  Cadmium  and  Nylon  11.  This  coating  system  is  designed 
to  provide  sealing  by  means  of  the  Nylon  and  corrosion  protection  from  the 
cadmium.  The  latter  was  electrodepos ited  from  a cyanide  bath  at  SPS  and 
the  Nylon  was  electrostatically  sprayed  on  at  the  Naval  Air  Development 
Center  at  Warminster,  Pa.  The  Nylon  is  deposited  as  a powder  which 
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rTequires  an  oven  treatment  to  cause  fusing.  Small  holes  result  here  and 
there  which  allow  the  corrodent  to  penetrate  and  consume  the  thin  cadmium 
layer.  Ultimately,  the  cadmium  corrosion  products  lift  the  Nylon  allowing 
more  corrodent  to  enter  and  rusting  occurs.  The  Nylon  seems  to  seal  the 
threaded  holes  well,  but  it  is  applied  so  thick,  the  bolt  is  difficult  to 
install  and  remove. 

5.  Cadmium.  This  coating  was  provided  by  SPS  in  the 
standard  industrial  thickness  of  0.2  to  0.4  mil  as  well  as  0.5  mil  minimum. 
Cadmium  is  normally  applied  from  a cyanide  bath  and  requires  baking  at 
375° F for  periods  up  to  24  hours  to  relieve  the  plated  hardware  of 
embrittling  hydrogen.  Resistant  to  salt  spray,  cadmium  plating  of  0.5  mil 
thickness  provides  reasonable  protection  but  of  not  a long  enough  duration. 
Thicker  cadmium  platings  would  be  more  pore- free  as  well  as  having 
additional  sacrificial  material.  Because  cadmium  has  good  lubrication 
properties,  it  is  advantageous  to  use  for  threaded  fasteners. 

6.  Cadmium  and  Teflon.  This  coating  svstem  is  designed 
to  provide  sealing  by  means  of  the  Teflon  and  corrosion  protection  from  the 
cadmium.  The  latter  was  electrodeposited  from  a cyanide  bath  at  SPS  and 
the  Teflon  was  sprayed  on  and  cured  by  SPS  Western  at  Santa  Ana,  Calif. 

The  Teflon  provided  minimal  sealing  action  and  proceeded  to  pop  off, 
probably  because  of  mechanical  abuse  and  corrosion  product  formation  under 
it.  In  order  to  be  more  effective,  the  Teflon  should  have  adhered  better 
to  the  cadmium  and  could  have  been  applied  somewhat  thicker. 

7.  Cadmium  and  Sealant.  This  coating  is  designed  to 
provide  sealing  by  means  of  the  polyaulfide  sealant  (Products  Research 
Corp.  PRC-1436G)  which  was  applied  by  SPS  Western  just  under  the  head  of 
the  bolt.  The  cadmium  plating  was  from  a cyanide  bath  at  SPS.  The  coating, 
which  was  cured  before  installation,  offered  no  difficulty  during 
installation. 


8.  Cadmium  and  Chromate.  This  coating  is  designed  to 
supply  ample  quantities  of  soluble  chromates  in  addition  to  sacrificial 
protection  by  means  of  the  cadmium.  The  strontium  chromate  is  well 
known  for  its  corrosion  inhibiting  properties,  especially  with  aluminum 
struc tures . 

9.  Cadmium  and  Zinc.  This  coating  system  provides 
cadmium  which  is  resistant  to  marine  environments  and  zinc  which  is 
resistant  to  industrial  environments.  Both  metals  are  electroplated  from 
cyanide  baths  end  require  baking  to  relieve  the  fasteners  from  hydrogen 
embrittlement . 

10.  Coricone  800.  This  coating  is  a black  organic  paint- 
like coating,  capable  of  resisting  outdoor  environments  as  well  as  a 
number  of  chemicals.  It  was  applied  by  Corro  Therm,  Inc.  of  Croyden , Pa. 

11.  Diffused  Nickel-Cadmium.  This  coating  system  was 
developed  for  high  temperature  applications  up  to  900°F.  It  was  applied 
at  SPS  by  first  depositing  nickel  from  a sulfamate  bath  followed  by 
cadmium  from  a cyanide  bath.  The  two  layers  were  then  diffused  at  630r K 

^or  1 hour.  AMS  2416  is  the  applicable  specification  number.  ^ 
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| 12.  Nickel  and  Cadmium.  This  coating  was  applied  at  SP1' 

and  is  intended  to  provide  sacrificial  action  and  ban ier  protection.  The 
nickel  was  deposited  from  the  sulfamate  bath  followed  by  the  cadmium  from 
a cyanide  bath  at  SPS. 

13.  Nickel  and  Electroplated  Aluminum.  This  coating 
system  employed  sulfamate  nickel  plated  at  SPS  followed  by  electroplated 
aluminum  provided  by  Ametek  of  Se 1 lersvi 1 le . The  aluminum  provided 
sacrificial  protection  and  the  nickel  provided  barrier  protection. 

14.  Nickel  and  Thermal  Decomposition  Aluminum.  This 
coating  system  was  designed  to  provide  noble  metal  barrier  protection  along 
with  sacrificial  action.  The  sulfamate  nickel  was  deposited  at  SPS  and 

the  Xenoclad  aluminum  was  applied  by  TESCO  of  Houston,  Texas. 

15.  Nickel  and  Zinc.  This  coating  system  was  applied 
by  SPS  from  a sulfamate  nickel  bath  and  a cyanide  zinc  bath.  The  nickel 
provides  a berrier  while  the  zinc  offers  sacrificial  protection. 

16.  Nickel.  This  coating  is  a thick  sulfamate  nickel 
plating  (0.5  mil)  applied  by  SPS  unlike  many  of  the  thinner  nickel  base 
coatings  utilized  in  this  program.  It  offers  pore- free  noble  barrier 
protection . 

17.  Nickel  and  SermeTel  W.  This  coating  system  employs  a 
thin  coating  of  sulfamate  nickel  applied  by  SPS  over  which  is  a layer  of 
SermeTel  W,  applied  by  Corro  Therm,  Inc.  of  Croydon,  Pa.  The  former 
coating  provides  barrier  protection  while  the  latter  supplies  sacrifical 
ac  t ion 

18.  SermeTel  W.  This  coating,  applied  by  Corro  Therm, 

Tnc . of  Crovdon,  Pa.  provides  sacrificial  and  thermal  protection  in 
corrosive  environments.  It  was  applied  and  cured  according  to  AMS  2506. 

19  SermeTel  554.  This  coating  system  employed  a thin 
sulfamate  nickel  layer  provided  by  SPS  followed  by  a layer  of  SermeTel  554 
applied  S'-  Teleflex,  Inc.  of  North  Wales,  Pa.  The  latter  coating  is 
supposedly  more  sacrificial  than  SermeTel  W. 

20.  Urethabond.  This  coating  is  a urethane  paint,  applied 
by  Corro  Therm,  Inc.  of  Croydon,  Pa.  Topcoat  formulation  U-100  was  applied 
over  base  coat  formulation  U-107.  The  system  is  said  to  be  resistant  to  a 
number  of  chemicals.  Although  it  is  a metallic-looking  paint,  the  Uretha- 
bond offers  protection  because  it  is  fairlv  thick  and  provides  a sealing 
action. 

21.  Zinc.  This  coating  was  provided  bv  SPS  in  the  standard 
industrial  thickness  of  0.2  to  0.4  mil  as  well  as  0.5  mil  minimum.  Zinc  is 
normally  applied  from  a cyanide  bath  and  requires  baking  at  375°F  for 
periods  up  to  24  hours  to  relieve  the  plated  hardware  of  embrittling 
hydrogen . 


L 


J 


4N0- MIC- ?4V,  fMf  V.  ?-t8) 


HAEC-EH6  7868 
PAGE  10 


H*T|  *»0  . 


r 


22.  Zinc  and  Teflon.  This  coating  sysLem  is  designed 


to  1 


provide  sealing  by  means  of  the  Teflon  and  corrosion  protection  from  the 
zinc.  The  latter  was  electrodepos ited  from  a cyanide  bath  at  S PS  and  the 
Teflon  was  sprayed  on  and  cured  by  S PS  Western  at  Santa  Ana,  Calif. 


23.  Zinc  and  Cadmium.  This  coating  system  provides 
cadmium  which  is  resistant  to  marine  environments  and  zinc  which  is 
resistant  to  industrial  environments.  Both  metals  were  electroplated  from 
cyanide  baths  at  SPS  and  required  baking  to  relieve  the  fasteners  from 
hydrogen  embrittlement.  The  combination  of  sacrificial  coatings  protected 
the  threaded  holes  but  did  not  offer  much  protection  for  the  bolt  area 
exposed  to  the  environment. 

24.  Tin  - Cadmium.  This  coating  system  provides 
sacrificial  protection  and  no  hydrogen  embrittlement  due  to  processing. 

It  was  applied  by  the  3M  Co.  of  St.  Paul,  Minn,  by  a cold  welding  process 
where  the  fasteners  are  tumbled  with  the  coating  material,  other  chemicals, 
and  a tumbliig  media  to  aid  in  deposition.  The  thickness  was  several  mils, 
which  caused  minor  problems  with  thread  engagement.  Regardless,  the 
threaded  bushing  holes  were  rusty,  indicating  the  non-anodic  or  sacrificial 
position  of  this  coating  with  respect  to  the  steel.  The  bolt  surface 
exposed  to  the  environment  was  also  rusty,  supporting  the  other  evidence. 


All  of  the  screening  program  coatings  except  one  were  usable  without 
further  processing.  The  wire-sprayed  aluminum  was  very  thick  (10  mils  or 
more)  and  required  a reduction  in  order  to  obtain  clearance  for  thread  fit. 
Accordingly,  a device  called  a "Fette  Head”  was  employed  to  roll  the  coat- 
ing with  applied  force  in  order  to  densify  it.  However,  instead  of 
producing  a more  dense  coating,  it  caused  the  coating  to  spail  off  the 
threads  in  pieces  , leaving  bare  spaces . 

Examinstion  of  the  treated  pieces  revealed  little  or  no  adhesion  to  the 
sprayed  coating.  Thus,  the  rolling  operation  merely  encouraged  lifting  of 
the  coating  by  deformation,  rather  than  tearing  it  off.  Subsequent  lifting 
or  peeling  was  also  accomplished  by  the  use  of  a knife  blade  on  areas  not 
in  contact  with  the  "Fette  Head”. 


The  dens i fica t ion  process  is  judged  possible  but  difficult  in  view  of 
these  efforts  and  would  require  extensive  work  to  improve  the  methods 
required  to  provide  a coating  worthy  of  consideration. 

e.  Coating  Thickness.  In  most  cases,  coating  thickness  was 
determined  by  thread  gage  measurements , as  is  the  usual  practice.  Spot 
checks  were  made  on  flat  surfaces  with  a Magne-gage  to  insure  the  adequacy 
of  the  coating  thickness. 

f.  Assembly.  All  of  the  upper  and  lower  bushings  were 
thoroughly  degreased  before  installing  the  coated  bolts  and  torquing  to 
600  inch- pounds. 

g.  Exposure.  The  low  temperature  screening  test  was  conducted 
in  a 57,  salt  spray  cabinet  operated  per  ASTM  B1 17-64.  The  temperature  was 
approximately  95"?  and  the  specimens  were  mounted  in  a vertical  position 

on  PVC  tables  8 inches  from  the  bottom  of  the  cabinet.  The  environment 
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was  maintained  constant 
minute  observations  and 
exposure . 


for  a period  of  2000  hours,  except  for  periodic 
removal  of  half  the  specimens  after  1000  hours 
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h.  Long-Term  Exposure.  Tbe  selection  of  the  best  coatings 
from  the  screening  test  for  a long-term  simulated  exposure  at  Ocean  City, 
N.  J.  depended  on  a simple  but  agressive  Br“'-imen  design,  where  excessive 
corrodent  entry  was  provided  for  both  the  high  and  low  temperature 
applicat ionr . In  order  to  survive  a much  longer  test  period  under  more 
realistic  conditions,  specimens  were  designed  to  be  accommodated  in  exist- 
ing but  proven  facilities. 

One  of  the  test  facilities,  located  at  Ocean  City  Research  Corp.,  is  a 
turntable  with  programmed  heat  and  corrodent  sources.  The  turntable  un 
accomodate  up  to  18  specimens  approximately  4 inches  square.  The  specimen 
was  kept  as  small  as  possiole  while  still  employing  large  diameter  bolts. 
Three  different  top  plate  materials  were  used,  as  in  the  screening  rest, 
along  with  HY80  steel  for  the  bottom  plate  as  shown  in  Figure  18. 

Because  of  the  three  different  top  plate  material*-  and  the  18  specimen 
capacity  of  the  facility,  only  six  assemblies  of  each  top  material  could 
be  employed.  Therefore  12  coatings  were  selected,  each  to  share  half  the 
space  on  a specimen  block.  The  12  coating  systems  selected  were  on  the 
basis  of  performance,  commercial  availability  and  dimensional  control. 

They  are  listed  in  Table  X. 

The  conditions  employed  for  the  long  term  test  are  shown  in  Table  XI. 

3.  Exposure  Program  - Flange  Fasteners. 

a.  Screening  Test  Specimen  Design.  1 he  elevated  temperature 
specimen,  designed  to  simulate  a steam  pipe  flange,  consisted  of  a metal 
cylinder  with  a "window"  for  corrodent  entry,  a stud  3 inches  long  and 
hex  nuts  to  apply  a load.  It  is  shown  in  Figure  19.  The  cylinder  was 
made  from  AISI  4130  steel,  the  alloy  currently  used  for  sceam  pipes.  The 
stud  material  was  MIL-S-1222,  a high  temperature  alloy  currently  in  use 
fer  this  application  without  benefit  of  a coating.  The  nut  material  was 
the  same  as  the  stud.  Huts  were  obtained  through  the  Naval  stock  system. 

This  simple  design,  without  a gasket,  allowev  for  tightening  the  joint 
Just  as  in  the  actual  application,  although  greater  access  of  the 
environment  to  the  fasteners  was  provided  in  this  test.  The  normal 
application  emoloys  lagging  which  insulates  the  pipe  but  also  gets  soaked 
with  corrodents  seeping  in  from  the  deck  above. 

b.  Coatings  A list  of  the  coatings  for  the  high  temperature 
test  is  given  in  Table  XII,  where  only  eight  systems  were  evaluated,  owing 
to  the  absence  of  the  noble  metal  powder  and  wire  spray  coatings  mentioned 
earlier.  One  of  the  systems  tested  was  Inconel  718  studs  and  nuts.  This 
is  an  alloy  capable  of  220,000  psi  strength  level,  exceptionally  good 
corrosion  resistance,  and  a temperature  capability  in  excess  of  700CF. 


A second  screening  test  was  run  with  the  same  coating  systems  employed  on 
the  tuds  and  nuts,  but  the  steel  cylinders  were  coated  by  NAEC  with  the 
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TMec  co  120  system  of  wire  9prayed  aluminum. 


c.  Exposure.  The  elevated  temperature  application  was 
simulated  by  a severe  test  consisting  of  8 hours  at  700+20cp  followed  by 
16  hours  in  57=  salt  spray.  This  cycle  was  repeated  10  times  , except  for 
weekends  when  the  specimens  remained  in  the  salt  spray.  The  specimens 
were  exposed  to  a total  of  80  hours  at  700°F  and  256  hours  of  57,  salt  spray. 

d.  Long  Term  Exposure.  The  long  term,  high  temperature  test 
required  a specimen  resembling  two  pipe  flanges  with  a gasket  sandwiched 
between  them  as  well  as  an  ample  heat  source  to  maintain  a 700°F  temperature 
of  the  joint.  Large  diameter  studs  and  nuts  were  employed  to  provide  high 
clamping  forces.  The  specimen  design  is  shown  in  Figures  20  and  21.  These 
specimens  were  encapsulated  in  cocoons  of  lagging  material  and  exposed  to 

a mixture  of  corrodents  by  means  of  periodic  injection. 

The  coatings  tested  are  shown  in  Table  XIII  and  the  conditions  used  are 
shown  in  Table  JOM . 


4.  Exposure  Rack.  The  trial  exposure  of  coated  studs  and  nuts  in 
the  launch  valve  room  was  of  interest  to  determine  how  corrosion  generated 
there  would  compare  to  that  generated  in  the  long  term  high  temperature 
exposure  program. 

a.  Design.  A rack  constructed  of  steel  angle  fastened 
together  with  the  test  studs  and  nuts  was  designed  as  depicted  in  Figure 
22.  This  rack  was  welded  to  the  wall  of  the  launch  valve  room  by  means  of 
a suitable  bracket  and  was  covered  with  the  pipe  lagging  normally  used. 

Full  scale  drawings  of  the  rack  components  are  given  in  Figures  23  and  24. 

Studs  of  3/4  inch  diameter  are  spaced  along  the  length  of  fastened  right 
angle  so  that  ample  space  is  available  for  wrenching. 

b.  Coating  Selection.  Since  12  fastening  systems  could  be 
employed,  only  6 coating  conditions  were  selected  eo  that  some  would  be  in 
the  horizontal  position  and  some  would  be  in  the  vertical  position.  In 
addition  to  the  bare  condition  and  an  Inconel  718  system  only  4 coatings 
thought  to  be  economical  enough  for  use  were  selected  as  shown  in  Table 
XV. 

Assembly.  All  of  the  studs  and  nuts  were  coated  with 
MIL-L-46010  (MR)  (Sandstrom  9A)  inhibited  dry  film  lubricant  on  all 
threaded  areas  and  bearing  faces  before  assembly.  Sufficient  torque  was 
employed  to  squeeze  the  angle  iron  completely  together.  Steel  spacers 
were  used  to  effect  a finite  separation  of  1/16  to  1/8  inches. 

End  brackets  of  1/4  inch  thick  steel  were  welded  to  the  rack  so  that  the 
bracket  could  easily  be  tack  welded  to  the  launch  valve  room  wall. 

d.  Exposure.  The  two  racks  were  sent  by  NAEC  to  aircraft 
carriers  in  two  different  parts  of  the  world.  One  was  sent  to  the  U.S.S. 
Saratoga  in  the  Mediteranean  and  the  other  to  the  U.S.S.  Ranger  in  the 
Pacific.  The  racks  were  exposed  on  the  launch  valve  room  uall  for  approxi- 
mate!'' 6 months  before  being  sent  back  to  NAEC  for  evaluation. 
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Metal  Sprayed  Bolts.  a large  quantity  of  alloy  steel  socket 
head  cap  screws  was  supplied  to  NAEC  for  coating  with  various  metal  systems. 
These  coating  systems  were  applied  by  a vendor  and  returned  to  SPS  via 
* NAEC.  Representative  samples  were  hung  in  a 5%  salt  spray  cabinet  by  means 
of  nylon  monofilament  until  at  least  50%  of  the  surface  was  rusty.  Table 
XVI  gives  a list  of  the  coatings. 


I 


The  thickness  was  much  greater  than  the  2 or  3 mils  requested.  This 
characteristic  did  not  permit  the  use  of  mating  nuts  or  tapped  holes  to 
be  used  in  conjunction  with  the  bolts. 


t 

I 


I 
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6.  Electrochemical  Tests.  Electrochemical  potential  and  polariza- 
tion mecJarenents  were  made  in  order  to  quantify  the  performance  of 
candidate  fastener  coatings.  The  measurements  were  made  on  each  coated 
fastener  in  sea  water  prior  to  exposure,  midway  through  the  exposure  test, 
and  at  the  end  of  the  exposure  teat.  Only  the  threaded  area  of  the  fastener 
was  included  in  the  measurement.  The  remainder  of  the  fastener  was  masked 
with  epoxy.  The  polarization  measurements  were  non-destructive  and 
allowed  accurate  direct  calculations  of  corrosion  rates  for  the  metallic 
coatings . 

The  basis  for  using  calculated  corrosion  rates  to  evaluate  coating  perfor- 
mance can  be  seen  by  examining  the  characteristic  manner  in  which  a 
sacrificial  type  coating  behaves  in  an  aqueous  environment.  If  a metallic 
coating  were  applied  perfectly  to  the  substrate  metal,  it  would  be  pore 
free  and  would  corrode  at  a rate  characteristic  of  the  coated  metal, 
itself.  However,  no  coating  system  can  be  considered  pore  free  and, 
therefore,  the  calculated  corrosion  rate  is  a summation  of  both  the  local 
action  corrosion  rate  for  the  metal  coating  and  the  galvanic  corrosion 
rate  caused  by  local  bi-metal  cells  between  the  substrate  metal  and  the 
coating.  The  number  and  intensity  of  localised  bi-metal  cells  on  the 
coated  surface  is  a direct  function  of  the  porosity  of  the  coating. 

Because  the  porosity  of  a metal  coating  increases  as  the  metal  corrodes 
or  sacrifices,  the  corrosion  reaction  becomes  self  stimulating.  Polariza- 
tion measurements  allow  calculation  of  the  changing  corrosion  rate  as  a 
function  of  time.  From  the  corrosion  rate  vs.  time  data,  meaningful 
extrapolations  can  be  made  allowing  prediction  of  the  useful  service 
life  for  individual  coatings.  This  is  simply  not  obtained  by  other 
methods . 


Corrosion  rates  of  metals  in  aqueous  environments  are  determined  by 
polarization  measurements,  according  to  the  Stern  and  Geary  equation: 


whe  re  Ic 


Ba 

Bc 


_L-  x ^a  x ^c  x ^ * 

2-3  Ba  + Bc  £ 0 

local  action  corrosion  current  density 
Anodic  Tafel  Slope 
Cathodic  Tafel  Slope 
impressed  current  density 

polarization  caused  by  impressed  current,  when  <20  mill  ivolts 
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corros ion 


rate 


is  a linear 


function  of  Ic  according 


to  Faraday's  Law: 


n 


i 

i 


Corrosion  rate  = klc 
P 

where  k « electrochemical  equivalent  for  specific  metal 
P = density  of  specific  metal 

For  a given  metal,  Ba  and  Be  are  relatively  constant.  In  order  to  experi- 
mentally determine  a corrosion  rate,  it  is  necessary  only  to  measure  the 
quantity  A I 

A 0 

Electrical  potential  measurements  also  provide  meaningful  data  for  evaluating 
the  performance  of  a sacrificial  type  coating.  Initially,  the  base  metal 
with  a sacrificial  type  coating  would  be  expected  to  exhibit  an  electro- 
chemical potential  characteristic  of  the  coating  metal  in  the  particular 
aqueous  solution.  As  the  metal  coating  is  sacrificed,  the  potential  will 
change  toward  a value  more  characteristic  of  the  base  metal  that  the 
coating.  Potential  measurements  with  time  will  give  a meaningful  indication 
as  to  the  performance  of  a sacrificial  type  coating. 

Although  a typical  environment  is  often  more  atmospheric  than  total  immersion, 
polarization  and  potential  measurements  in  sea  water  provide  semi-quanti- 
tative performance  data.  The  calc:lated  corrosion  rates  in  sea  water  are 
not,  of  course,  identical  in  magnitude  to  the  corrosion  rates  that  occur 
in  the  atmosphere.  However,  changes  in  the  sea  water  corrosion  rate  or 
sea  water  potential  as  a function  of  time  provide  quantitative  evidence 
of  how  a metal  coating  is  performing  in  the  atmosphere.  These  changes  in 
the  characteristic  properties  of  the  coating  may  not  be  obvious  bv  physical 
inspec  tion . 

Newly  coated  screws  and  previously  exposed  screws  were  subjected  to  the 
electrochemical  test  described  above  in  order  to  measure  corrosion  rates 
and  corrosion  potentials. 

C . RESULTS . 


1.  Low  Temperature  Screening  Test.  Observations  of  all  low 
temperature  specimens  immediately  after  removal  from  salt  spray  revealed 
gross  corrosion  of  the  lower  tapped  bushing  and  excessive  quantities  of 
corrosion  products  elsewhere.  Thus,  nothing  significant  could  be 
determined  until  this  debris  was  removed  and  the  specimens  were  disassembled. 
Extensive  cleaning  was  required  of  practically  every  component  with  soap, 
water,  and  brass  bristle  brushes.  After  this  treatment,  the  specimen 
pieces  were  dried  with  compressed  air,  identified,  and  stored. 


Examination  was  made  visually  with  and  without  the  aid  of  a 60X  Stereo 
zoosj  microscope.  Consents  relative  to  the  appearance  of  the  specimen 
components  are  noted  in  Table  XVII. 

2.  Low- Temperature  Long-Term  Salt  Spray.  After  1000  hours  of  57, 

salt  spray  exposure  at  SPS,  the  specimens  were  removed,  cleaned  and 
examined.  The  results  of  this  examination  are  shown  in  Table  XVIII. 


J 
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3.  Long-Term  Low-Temperature  Test.  The  Ocean  City  exposure 
specimens  were  examined  after  2 1/2  months  on  the  test  rig.  Table  XIX 
shows  the  results  of  the  examination  at  this  time. 


After  4 1/2  months  on  the  Ocean  City  test  rig,  an  examination  produced  the 
results  shown  in  Table  XX.  After  7 months  of  exposure,  the  results  shown 
in  Table  XXI  were  observed.  At  the  completion  of  9 months  of  exposure, 
an  examination  produced  the  results  shown  in  Table  XXII,  and  Photographs 
1 through  22 . 


4.  High  Temperature  Screening  Test.  The  results  of  the  elevated 
temperature  test  are  shown  in  Photographs  23  through  30.  An  unexposed 
stud  and  nuts,  the  assembled  and  exposed  joint,  and  an  exposed  stud  and 
nuts  are  seen  in  each  picture. 

t 

! The  electroplated  aluminum  is  completely  gone  and  severe  rusting  has 

occurred.  The  nickel  remaining  under  the  electroplated  aluminum  in  the 
next  system  offers  little  additional  protection.  The  diffused  nickel 
cadmium  coating  permitted  thread  rusting  to  occur,  but  the  thick  nickel 
coating  in  the  next  system  provided  excellent  protection. 


The  nickel  flash  and  SermeTel  554  allowed  slight  rusting  to  occur,  while 
the  nickel  flash  and  SermeTel  W showed  more  extensive  rusting,  including 
a "frozen"  nut  on  one  stud.  SermeTel  W did  not  prevent  rusting  but  kept 
it  to  a minimum.  The  best  system  was  the  Inconel  718,  whose  surface 
darkened  due  to  a thermal  oxide,  but  remained  virtually  unattacked 
otherwise . 

5.  High  Temperature  Screening  Test  - Second  Run.  The  results  of 
this  exposure  are  shown  in  Figures  31  - 38. 

In  all  cases,  the  studs  and  nuts  appeared  much  better  with  the  aluminum 
coated  cylinders  than  with  the  previously  tested  bare  steel  cylinders. 


The  electroplated  aluminum  has  some  white  corrosion  products  on  the  threads 
of  the  studs  and  nuts.  No  rusting  was  observed  except  on  the  steel 
cylinder  smanating  from  the  inside  where  the  surface  was  probably  bare. 

The  cylinder  faces  were  relatively  clean  and  not  significantly  corroded. 

The  addition  of  electroplated  aluminum  over  electroplated  nickel  did  not 
aggravate  the  cylinder  face  condition  although  red  rust  was  found  exuding 
from  the  inside  of  the  cylinder.  The  stud  and  nuts  were  also  in  excellent 
condition  with  no  red  rust  present  and  only  a small  amount  of  powdering 
white  corrosion  product. 

The  stud  with  the  diffused  nickel-cadmium  coating  exhibited  rust-like 
stains  on  its  center  section  which  were  probably  from  the  insides  of  the 
cylinder.  The  nuts  had  white  corrosion  products  on  the  threads.  However, 
thei  was  some  evidence  of  galvanic  consumption  of  the  aluminum  coating 
on  the  cylinder  under  the  nut  bearing  face. 


y 


i 
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Electroplated  nickel  appeared  unscathed  on  the  stud  and  suffered  from 
minor  rusting  in  the  threads  where  thickness  was  reduced  due  to  throwing 
power  losses.  The  cylinder  was  white  with  corrosion  products  but  was  not 
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fattacked  any  more  than  with  the  diffused  nickel-cadmium  coating. 

No  rusting  was  observed  for  the  studs  or  nuts  coated  with  nickel  and 
SermeTel  W although  appearance  indicated  the  partial  depletion  of  the  top- 
coat in  some  areas.  The  inside  of  the  cylinder  was  rusty  which  spread  to 
the  outside  and  the  ends  under  the  nut  bearing  surface  were  not  signifi- 
cantly attacked  but  merely  darkened. 


I 


I 


The  SermeTel  554  had  a little  more  white  corrosion  product  than  the  previous 
coating  but  appeared  healthy  otherwise.  The  nuts  exhibited  corrosion 
product  buildup  on  the  bearing  face  and  a small  amount  of  rusting.  The 
cylinder  rusted  internally  and  the  bearing  faces  were  attacked  slightly. 

The  SermeTel  W allowed  rusting  to  occur  on  the  stud  and  nut.  threads. 
Depletion  of  the  coating  was  evident  on  the  smooth  shank  portion.  The 
cylinder  exhibited  rusting  internally  and  attack  under  the  nut  bearing 
face . 

No  attack  of  the  Inconel  718  bolt  or  nut  was  observed.  The  cylinders  were 
rusty  internally  and  had  white  corrosion  products  all  over  but  were  not 
significantly  attacked  on  the  bearing  ends. 

6.  Long  Term  High  Temperature  Test.  After  6 weeks  of  exposure,  the 
cocoons  were  cut  open  and  the  metal  specimens  axamined.  After  15  weeks  of 
exposure,  the  cocoons  were  cut  open  and  the  metal  specimens  re-examined. 
Results  of  these  examinations  are  shown  in  Tables  XXIII  and  XVIV. 

After  9 months  of  exposure,  the  specimens  were  removed,  cleaned  up  and 
examined.  Comments  are  shown  in  Table  XXV  and  Photographs  39  - 58  are 
provided  for  visual  evidence. 

The  fasteners  were  disassemoled  and  the  breakaway  torques  measured  as 
recorded  in  Table  XXVI. 

7.  Exposure  Racks.  The  rack  from  the  U.S.S.  Saratoga  was  returned 
first  and  photographed  after  cleanup  as  shown  in  Photographs  59  - 64. 

The  rack  from  the  U.S.S.  Ranger  was  not  as  corroded  as  that  from  the 
U.S.S.  Saratoga.  Both  racks  were  completely  disassembled  and  the 
fasteners  cleaned  up  before  further  examination. 


Table  XXVII  lists  the  breakaway  torques  experienced  for  the  various  coating 
systems.  Once  broken  a*ay,  the  prevailing  torque  required  to  disassemble 
the  joint  had  to  be  overcome.  This  value  was  significant  where  rusting 
had  occurred,  such  as  on  the  bar*  and  electroless  nickel  conditions. 

Table  XXVIII  lists  the  appearance  of  the  various  coating  systems  after  they 
had  been  cleaned  up. 

8.  Metal  Sprayed  Bolts.  Table  XXIX  lists  the  results  of  5%  salt 
spray  testing. 

9.  Electrochemical  Tests.  Tables  XXX  and  XXXI  present  the  data 
obtained  initially  and  midway  through  the  test  exposure.  The  initial 
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(Tata  shows  several  things.  First,  the  beneficial  effect  of  the  poly- 
sulfide sealant  is  quite  obvious.  The  corrosion  rate  in  sea  water  for  the 
fasteners  coated  with  sealant  is  an  order  of  magnitude  lower  (0.027  and  .39 
mil  per  year)  than  all  of  the  other  coatings  except  for  the  SermeTel  W. 

In  essence,  the  polysulfide  sealant  acts  as  a barrier  and  effectively 
reduces  the  exposed  metal  surface  area.  This  results  in  a lower  measured 
corrosion  rate.  The  SermeTel  W coating  also  acts  more  as  a barrier  coating 
than  a metallic  coating  and  effectively  reduces  the  area  of  exposed  metal. 


n 


The  electroless  nickel  coating  exhibited  a rather  high  initial  corrosion 
rate  (8.25  mpy) , much  greater  than  the  electroplated  nickel  (1.03  mpy) . 

The  data  indicates  that  the  electroless  nickel  coating  as  applied  is  more 
porous  than  the  electroplated  nickel.  On  immersion  of  the  electroless 
nickel  coated  fastener  in  sea  water,  rusting  occurred  immediately  at 
numerous  pinholes.  The  electroplated  nickel  fastener  exhibited  a negligible 
amount  of  rusting  under  the  same  conditions. 


Initially,  the  cadmium  coatings  by  themselves  seem  to  corrode  at  about  5 
times  the  rate  of  the  zinc  coatings  in  sea  water.  Zinc  with  a cadmium  over- 
coat showed  a lower  initial  corrosion  rate  than  cadmium  with  a zinc 
overcoat.  ( ££  1 mpy  vs.  3 mpy). 


The  greater  ability  of  zinc  to  cathodically  protect  the  steel  substrate 
was  evidenced  by  its  high  initial  potential  ( C±Z  - 1.02  V vs . Ag  - AgCl). 
Examination  of  the  data  shows  that  a zinc  coated  fastener  could  easily  be 
identified  by  simply  measuring  its  corrosion  potential. 


Examination  of  the  data  obtained  on  the  fasteners  removed  midway  through 
the  test  shows  dramatic  changes  in  both  corrosion  rate  and  potential. 

Many  of  the  fasteners  exhibited  much  higher  corrosion  rates  indicating 
that  most  of  the  coating  is  gone.  The  measured  corrosion  rate  is  more 
characteristic  of  the  steel  substrate.  The  measured  potentials  in  these 
cases  are  also  characteristic  of  steel  in  sea  water.  For  some  of  the 
nickel  coatings,  the  potentials  are  more  noble  than  would  be  expected  for 
steel,  indicating  that  some  nickel  still  remains.  However,  because 
nickel  is  noble  to  steel,  high  corrosion  rates  occur  due  to  galvanic 
action . 


In  some  cases,  very  low  corrosion  rates  were  measured.  This  might  be  the 
result  of  insoluble  salt  formation  on  some  coatings.  Even  in  these  cases, 
the  potentials  seemed  to  move  toward  values  more  characteristic  of 
steel.  The  most  dramatic  change  in  potential  occurred  for  the  zinc 
coating.  Except  for  the  zinc  overcoated  with  polysulfide  sealant,  the 
potential  of  all  zinc  coatings  increased  to  values  more  characteristic 
of  the  steel  substrate.  The  beneficial  effect  of  the  polysulfide  sealant 
is  again  demonstrated.  It  should  also  be  mentioned  that  the  fasteners 
with  polysulfide  sealant  were  by  far  the  easiest  to  remove  from  the  test 
plates  and  showed  the  least  corrosion  on  the  uncoated  female  threads. 

In  summary,  the  electrochemical  data  correlated  well  with  visual  observa- 
tions and  also  provided  quantitative  support  for  rating  coating  performance. 
There  appears  to  be  some  anomalies.  In  view  of  only  three  data  points 
acquired  for  each  fastener,  the  gathering  of  more  data  points  would  probably 
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resolve  the  anoinslies  end  provide  edditlonel  supplementary  data  as  an  aid  ^ 
in  quantitatively  rating  coating  performance.  For  the  record,  electro- 
chemical measurements  made  after  9 months  of  exposure  are  shown  in  Tables 
XXXII  and  XXXIII.  These  tables  show  data  for  a bolt  removed  and  reinstalled 
at  the  4.5  month  point  as  well  as  for  a bolt  removed  only  after  the  full 
9 months  of  exposure. 

D.  DISCUSSION. 

1.  Deck  Bolts.  Of  all  the  coating  systems  tested,  three  were 
considered  clearly  superior  based  on  9 month  exposures  and  electrochemical 
tests.  Two  of  the  three  were  sacrificial  metals  overcoated  with  a poly- 
sulfide sealant.  The  third  was  a combination  of  two  sacrificial  metals. 

In  these  three  coating  systems,  only  electroplated  cadmium  or  zinc  was 
employed,  both  of  which  are  commercially  available.  The  polysulfide 
sealant  is  a 2 part  mix,  prepared  just  before  installation  of  the  bolt6 
for  wet  application.  However,  it  can  be  applied  on  the  bolts  and  fully 
cured  before  installation. 


The  cadmium  plating;  protects  the  steel  bolt  and  the  threaded  steel  hole  by 
sacrificial  action.  Therefore,  when  all  of  the  cadmium  is  depleted  in  a 
given  area,  the  bare  steel  causes  the  remaining  cadmium  to  deplete  even 
faster.  The  only  way  to  get  more  protection  for  the  bare  steel  is  to  put 
a longer  lasting  coating  on  top  of  it.  This  is  achieved  bv  a thicker 
sacrificial  coating  which  will  last  longer  but  still  will  be  consumed 
eventually . 


Zinc,  also  a sacrificial  coating,  is  consumed  more  rapidlv  than  cadmium 
in  a chloride  environment  because  it  is  a more  active  metal  and  also 
because  its  corrosion  products  are  more  soluble  and  do  not  offer  surface 
protection. 

The  coating  system  which  had  a base  layer  of  cadmium  and  a top  coating  of 
zinc  (No.  4)  did  not  protect  nearly  as  well  as  the  opposite  condition. 

The  reason  for  this  may  be  that  the  zinc  topcoat  depletes  rather  quickly 
and  the  remaining  cadmium  cannot  adequately  protect.  On  the  other  hand, 
if  the  cadmium  is  the  topcoat  and  depletes  much  more  slowly,  a larger 
amount  of  sacrificial  metal  is  available  during  the  course  of  the  exposure. 
Thia  is  probably  the  case  with  the  coating  system  No.  12. 

The  polysulfide  sealant  is  successful  because  it  effectively  prevents 
electrolyte  from  getting  into  the  threads.  Therefore,  it  works  equally 
well  over  cadmium  or  zinc  as  evidenced  bv  the  results  of  this  program. 
Unfortunately,  it  cannot  be  used  to  close  up  the  recess  in  or  around  the 
bolt  and  therefore  offers  little  protection  to  the  head  and  drive. 

Whether  the  sealant  is  applied  wet  or  pre-cured , as  in  this  program,  it 
is  capable  of  preventing  the  entry  of  contaminants  into  the  joint.  There- 
fore, it  should  also  provide  protection  to  the  threaded  hole  even  if  the 
bolt  is  bare  alloy  steel.  This  high  degree  of  protection  in  the  threaded 
area  should  be  matched  by  a similar  high  degree  of  protection  on  the  bolt 
head . 
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Experience  in  screening  tescs  and  long  term  exposures  has  shown  that 
sacrificial  coatings,  whether  they  be  zinc,  cadmium,  or  aluminum,  cannot 
withstand  the  harsh  deck  environment  as  well  as  a more  noble  roaring. 
Therefore,  electroplated  nickel  in  sufficient  thickness  has  been  shown 
to  offer  outstanding  protection  to  the  bolt  head.  The  combination  of 
nickel  and  cadmium  in  a diffused  coating  was  shown  to  be  not  as  good  as 
cadmium  in  protecting  the  threads  and  no  better  than  the  nickel  protecting 
the  head . 


n 


Therefore,  the  coating  system  required  for  this  application  should  be 
different  in  two  separate  areas.  This  coating  technique  is  relatively 
expensive  if  masking  is  employed  but  relatively  inexpensive  if  nickel  is 
applied  <.11  over  the  bolt  in  a thickness  sufficient  to  protect  the  head. 
Cadmium  can  then  be  plated  over  the  nickel  so  that  the  threaded  area  will 
be  sacrificial.  If  used  in  service  in  this  manner,  the  cadmium  on  exposed 
surfaces,  such  as  the  head,  will  be  consumed  but  the  remaining  nickel  will 
protect  by  barrier  action.  Meanwhile,  the  nickel  on  the  threads  will  cause 
minimal  problems  because  there  is  sufficient  cadmium  over  it  to  maintain 
a sacrificial  quality  as  well  as  provide  lubricity  for  torque  requirements. 
When  the  cadmium  is  eventually  depleted  in  the  threaded  area,  the  remaining 
nickel  can  cause  galvanic  attack.  However,  a periodic  replenishment  of 
cadmium  plating  over  an  undamaged  nickel  plated  bolt  would  serve  to  restore 
the  bolt  to  a "new"  condition  and  guarantee  additional  corrosion-free  life 
for  the  threaded  hole.  This  technique  will  work  only  if  a thick  coating 
of  approximately  1 mil  can  be  tolerated  on  the  threads. 

If  the  nickel  plating  could  do  an  excellent  job  of  protection  on  the  head 
and  the  sealant  protects  likewise  in  the  threads,  then  it  is  conceivable 
that  a nickel  plated  bolt,  without  cadmium,  could  be  used  with  sealant  for 
the  bridle  arrester  track  application.  After  all,  if  the  sealant  prevents 
corrodent  entry  into  the  threaded  hole,  how  could  galvanic  action  occur 
between  the  nickel  and  the  bare  steel? 


In  theory  this  is  correct  but  in  practice  it  can  be  shown  that  some  bolts 
will  be  installed,  perhaps  in  haste,  without  sealant,  and  corrosion  will 
occur  unchecked  until  the  next  regularly  scheduled  maintenance.  The 
addition  of  the  cadmium  over  the  nickel  can  serve  as  "insurance"  so  that 
even  if  the  sealant  is  not  applied  or  is  applied  improperly,  the  presence 
of  the  cadmium  will  serve  to  sacrific iallv  protect  the  threaded  hole. 


2.  Flange  Studs.  The  combination  of  elevated  temperature  and 
severe  corrosive  environment  limit  the  number  of  coating  systems  applicable 
for  this  installation.  Cadmium  and  zinc  plating  should  not  be  used  above 
450°F  because  of  the  threat  of  stress  alloy  cracking.  Aluminum  plating  or 
coating  can  be  used  but  does  not  sufficiently  resist  the  chloride  ion  with 
the  relatively  thin  layer  required  on  the  threads.  Without  the  three 
primary  sacrificial  metals,  protection  schemes  fall  upon  the  noble  nature 
of  nickel  and  chromium. 


These  coatings  are  barriers  and  protect  only  when  they  are  thick  enough 
to  be  relatively  pore- free.  This  study  has  shown  how  electroless  nickel 
deposits  allowed  rusting  all  over  at  the  same  thickness  level  where 
electroplated  nickel  was  virtually  completely  protective.  In  order  to 
provide  a rust- free  surface  after  exposure,  a relatively  thick  coating 
j of  nickel  (.0007")  was  employed.  _J 
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Pother  coating  systems  evaluated  or  considered  did  not  or  could  not  with-  ” 1 
stand  the  harsh  environment  of  the  laboratorv  tests  or  could  not  be 
deposited  according  to  the  chickness  requirements  generally  acceptable  for 
fasteners.  Where  sacrificial  type  coating  systems  were  evaluated,  such  as 
SermeTel  W,  it  was  found  that  corrosion  products  made  it  more  difficult 
to  remove  the  nut  iron  the  stud.  In  fact  after  a screening  teat,  a 
SermeTel  W coated  nut  could  not  be  removed  from  the  stud. 


The  best  system  tested  was  one  in  which  both  stud  and  nut  were  of  corrosion 
resistant  materials.  In  the  laboratory  tests,  Inconel  718  proved  to  be  an 
excellent  choice  and  exhibited  no  attack.  Even  in  the  carrier  exposure 
test,  the  Waspalov  nut  and  Inconel  718  stud  were  not  visibly  attacked. 

Thus,  an  "infinitely  thick  coating"  (solid  corrosion  resistant  alloy)  has 
the  ability  to  completely  resist  the  environment  without  fear  or  worry  of 
corrosion  damage.  Anything  less  resistant  than  an  excellent  corrosion 
resistant  alloy  may  not  provide  the  same  results. 

It  must  be  understood  also  that  corrosion  resistant  alloys  other  than 
Inconel  718  have  to  satisfy  the  physical  requirements  discussed  in  Appendix 
A pertaining  to  the  effect  of  temperature  on  the  preload.  If  an  indiscrimi- 
nate choice  is  made,  the  possibility  exists  of  either  losing  the  sealing 
action  on  the  flange  joint  or  exceeding  the  tensile  strength  of  the  studs. 

In  both  cases,  a loss  of  steam  will  occur,  although  in  the  latter  case, 
broken  scuds  of  large  diameters  could  be  flying  dangerously  through  the 
compartment . 

The  galvanic  corrosion  between  the  nickel  plated  nut  bearing  face  and  the 
Metco  120  aluminum  coated  steel  plate  can  be  controlled  by  employing 
aluminum  clad  steel  washers  under  the  nut.  This  aluminum  coating  can  be 
the  Metco  120  sys tern .SermeTel  W,  or  Nickel  + SermeTel  W,  Diffused  Nickel- 
Cadmium,  or  a temperature  resistant  non-metaliic  coating  can  also  be 
employed . 


Another  concept  worthy  of  consideration  is  to  use  a high  strength 
corrosion  resistant  alloy  such  as  Inconel  718  in  place  of  the  current  lower 
strength  alloy  steel  but  with  a reduced  diameter.  This  feature  would 
make  it  practical  to  utilize  existing  holes  by  means  of  bushings  and/or 
washers  with  protective  coating.  The  reduced  diameter  corrosion  resistant 
alloy  studs  would  provide  the  same  clamping  force  as  at  present  with  no 
requirement  for  a major  design  change. 

It  ia  interesting  to  note  the  good  correlation  between  the  laboratory  tests 
and  the  aircraft  carrier  exposure,  even  though  the  latter  was  at  launch 
valve  room  temperature  and  not  at  700°F. 

E.  CONCLUSIONS. 

1.  The  harsh  environment  present  on  deck  and  in  the  launch  valve 
room  as  well  as  the  limited  maintenance  provided  at  sea  necessitates 
superior  corrosion  resistance  for  fasteners  in  order  to  remove  and  reinstall 
them. 

2.  Superior  corrosion  resistance  for  deck  bolts  can  be  provided  by 
cadmium  and/or  zinc  with  thicknesses  in  the  0.5  to  1.0  mil  range  even  though 


3.  A polysulfide  sealant,  applied  over  a plated  deck  bolt  and 
installed  wet,  offers  the  best  solution  to  preventing  severe  corrosion 
in  blind  tapped  holes. 


4.  Electroplated  sulfamate  nickel,  with  a thickness  of  at  least 
0.5  mil  protects  deck  bolt  heads  better  than  the  same  thickness  of  cadmium 
or  zinc. 


5.  Electroplated  sulfamate  nickel,  with  a thickness  of  at  least 
0.7  mil,  protects  launch  valve  flange  studs  and  nuts  better  than  any  other 
coating  system  tested. 

6.  Inconel  718  alloy  provides  the  best  solution  to  preventing 
corrosion  of  launch  valve  studs  and  nuts. 

7.  Metal  sprayed  coating  is  not  yet  suitable  for  application  on 
bolts  without  obtaining  extremely  thick  coatings  which  cannot  be  tolerated 
or  are  too  porous  to  provide  barrier  protection. 
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TYPICAL  STANDARD  TRACK  COVER  AND  SUPPORT  SYSTEM 
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possible  with  insert 


Figure  4,  Wet  seeled  Insert  provides  extra  threads  and 
corrosion  resistant  Installation. 


Figure  3.  Proposed  bridle  track  arrester  bolt  vlth 
countersunk  head. 


Sheer  Area,  (quart  inch#* 
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Figure  II.  Effect  of  Plating  Thlckneaa  and  Thread  Engagement  on 
Shear  Area  of  1/2-13,  Claaa  2,  External  Threaded  Bolt 
or  Stud. 
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F tfi  r«  12 ■ Effect  of  Plating  Thickneaa  and  Thread  Engagement  on 
Shear  Area  of  1/2-13,  Clasa  2,  Internal  Threaded  Nut. 
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Uam  L3.  Effect  of  Plating  Thlckneaa  and  Thread  Engagement  on 
Shear  Area  of  3/4*10,  Claaa  2,  External  Threaded  Bolt 
or  Stud. 
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Flaure  14.  Effect  of  Plating  Thickneea  and  Thread  Engagement 

on  Shear  Area  of  3/4-10.  Claaa  2,  Internal  Threaded 


She»r  Area,  (quare  lnchaa 
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Figure  15.  Effect  of  Plating  Thickness  and  Thread  Engagement  on 
Shear  Area  of  1-8,  Class  2,  External  Threaded  Bolt  or 


7868 


Shear  Area,  aquara  tnchaa 


««n  n*i  c i <i  » ) *.a  > 


NAEC-EN6 
PAGE  32 


Fljgurt  16.  Effect  of  Plating  Thickaeaa  and  Thread  Engagement  on 
Shear  Area  of  1-8  Claaa  2 Internal  Threaded  Nut. 
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COATING  SYSTEM 

1.  FED.  SPEC.  TTP2B 
HI  TEMPERATURE 
ALUMINUM  PAINT 

2.  METCO  120 
FLAM  SPRAYED 
ALUMINUM,  5 MILS 
AND  SEALER 


Flturt  21.  High  T—ptntuw  Long  Tat*  Spaclam  - Top  rad  Bnd'Vlvm 


h— .-HK-.-H 


4NO.NA£C-24S9(ftEV.  1-MI 

•till  »•.  Mill 


NAEC-ENG  7868 
PAGE  38 


4N0  ■ NAEC- 245  b < WEv  2-681 


NAEC-ENG  7868 
PAGE  41 


n 


PL*Tt  aO  . I ' 


TABLE  I 

Suaury  of  Calculations  for  Elevated  Temperature  Application 


Bolt  Material 


**■  B 


Same  aa 

joint  30 

X 

106 

26 

x 106 

7.7  x 10'6 

20,068 

lb. 

A- 2 86 

29 

X 

106 

25 

x 106 

9.5  x 10'6 

1,301 

lb. 

PH13-8Mo 

29.4 

X 

1C6 

25 

x 106 

5.3  x 10-6 

44,604 

lb. 

MP35N 

33.6 

X 

106 

30.8 

x 106 

8.2  x 10-6 

14,507 

lb. 

Uaapaloy 

30.6 

X 

10* 

28.8 

x 106 

7.3  x 10‘6 

26,379 

lb. 

Inccre 1 

718  29.6 

X 

106 

27.2 

x 106 

7.7  x 10"6 

21,182 

lb. 

17-4  PH 

28.5 

X 

10* 

24.8 

xlO6 

5.7  x 10"6 

40,724 

lb. 

MP159 

35.3 

X 

106 

31.5 

x 106 

7.9  x 10-6 

18,069 

lb. 

Mote:  The  following  valuea  mere  fixed  for 

this  problem: 

0.7854  square 

inches 

ft  ■ 

552,000  lb. 

AJ  * 

228.55  square 

inches 

l»  “ 

4.5  inches 

d 

1 inch 

lJ  " 

4.5  inches 

D1  “ 

13  inches 

n * 

24  bolts 

d2  - 

22  inches 

At  - 

570*F  (650-80> 

Z]  " 

30  x 106  psi 

°<J  ' 

7.7  x 10-6  in/ in/*F 

•I- 

26  x 106  psi 
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TABLE  II 

Dimensions  for  1/2-13,  Class  2,  External  (Bolt)  Threads 
All  dimensions  are  inchss 


Malor  Diameter 

Pitch 

Diameter 

Plating  Thickness 

Max. 

Min. 

Max. 

Min. 

0 

.5000 

.4896 

.4500 

.4448 

.0005 

.4990 

.4886 

.4480 

.4428 

.0010 

.4980 

.4876 

.4460 

.4408 

.0020 

.4960 

.4856 

.4420 

.4368 

.0030 

.4940 

.4836 

.4380 

.4328 

Internal  thread  is 

.4552/. 4500  pitch  diameter 
.4290/. 4167  minor  diameter 

TABLE  III 

Dimensions  for  3/4- 

10,  Class  2, 

External  (Bolt) 

Threads 

All  dimensions  are 

inches 

Malor  Diameter 

Pitch 

Diameter 

Plating  Thickness 

Max. 

Min. 

Max. 

Min. 

0 

.7500 

.7372 

.6850 

.6786 

.0005 

.7490 

.7362 

.6830 

.6766 

.0010 

.7480 

.7352 

.6810 

.6746 

.0020 

.7460 

.7332 

.6770 

.6706 

.0030 

.7440 

.7312 

.6730 

.6666 

Internal  thread  is 

.6914/. 6850  pitch  diameter 
.6553/. 6417  minor  diameter 

TABLE  IV 

Dimensions  for  1-8, 

Class  2,  External  (Bolt)  Threads 

All  dimensions  are 

inches 

• Malor  Diameter 

Pitch 

Diameter 

Plating  Thickness 

Max. 

Min. 

Max. 

Min. 

0 

1.000 

.9848 

.9188 

.9112 

.0005 

.9990 

.9838 

.9168 

.9092 

.0010 

.9980 

.9828 

.9148 

.9072 

.0020 

.9960 

.9808 

.9108 

.9032 

.0030 

.9940 

.9788 

.9068 

.8992 

Internal  thread  Is  .9264/. 9188  pitch  diameter 
.8795/. 8647  minor  diameter 


I ' TABLE  V 

S. 


Effect  of  1/2- 13  Thread  Dimenslona  on  Shear  Area 


Diameter,  in. 
External 

Shear 

Areaa , 

tQuare  inchea 

•5D-L.E. 

- .25 

.75b-L. 

.E.  - .375 

ID-L.E. 

- .500 

H*jp.r 

P.D. 

Int . A 

Ext . A 

Int.  A 

Ext.  A 

Int.  A 

Ext . i 

.5000 

.4500 

.328 

.221 

.492 

.332 

.656 

.443 

.4990 

.4480 

.325 

.216 

.487 

.325 

.649 

.433 

.4980 

.4460 

.321 

.211 

.482 

.317 

.642 

.423 

.4960 

.4420 

.314 

.201 

.471 

.302 

.628 

.402 

.4940 

.4380 

.307 

.191 

.460 

.287 

.613 

.382 

.4896 

.4448 

.291 

.208 

.437 

.312 

.583 

.417 

.4886 

.4428 

.288 

.203 

.432 

.305 

.576 

.406 

.4876 

.4408 

.284 

.198 

.426 

.297 

.569 

.396 

.4856 

.4368 

.277 

.188 

.416 

.282 

.555 

.376 

.4836 

.4328 

.271 

.178 

.406 

.267 

.542 

.356 

Notea : 

1.  P.  D.  meant  pitch  diameter 

2.  L.  E.  eieana  length  of  engagement 

3.  Internal  thread  at  Maximum  condition,  i.e.  P.D.  - .4552, 
minor  - .4290 
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TABLE  VI 


Effect 

of  3/4- 

10  Thread  Dimensions 

on  Shear 

Area 

Diameter 

, in. 

Shear 

Areas,  square  inches 

External 

.5D-L.E. 

- .375 

.75D-L.E 

- .563 

1D-L.E. 

- .75 

Major 

P.D. 

Int.  A 

Ext.  A 

Int.  A 

Ext.  A 

Int.  A 

Ext. 

.7500 

.6850 

.740 

.518 

l.lll 

.778 

1.481 

1.036 

.7490 

.6830 

.734 

.509 

1.102 

.764 

1.468 

1.019 

.7480 

.6810 

.728 

.500 

1.093 

.751 

1.456 

1.001 

.7460 

.6770 

.716 

.483 

1.075 

.724 

1.432 

.965 

.7440 

.6730 

.704 

.465 

1.057 

.698 

1.408 

.929 

.7372 

.6786 

.664 

.489 

.996 

.735 

1.327 

.979 

.7362 

.6766 

.658 

.481 

.987 

.722 

1.315 

.961 

.7352 

.6746 

.652 

.472 

.979 

.708 

1.303 

.943 

.7332 

.6706 

.640' 

.454 

.961 

.681 

1.280 

.908 

.7312 

.6666 

.628 

.436 

>943 

.655 

1.257 

.872 

Note*: 

1.  P.  D.  means  pitch  diameter 

2.  L.  E.  means  length  of  engagement 

3.  Internal  thread  at  maximum  condition,  i.e.  P.D.  * .6914, 
minor  - .6553 
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TABLE  VII 


Effect  of  1-8  Thread  Dimensions  on  Shear  Area 


Diameter 

. in . 

Shear 

Areas, 

square  Inches 

External 

. 5D-L. 

E.  - .5 

. 75D-L, 

E.  - .75 

1D-L.E. 

- 1.00 

Major 

P.D. 

Int.  A 

Ext.  A 

Int.  A 

Ext.  A 

Int.  A 

Ext.  t 

1.000 

.9188 

1.319 

.941 

1.978 

1.412 

2.638 

1.882 

.9990 

.9168 

1.310 

.928 

1.966 

1.393 

2.62? 

1.857 

.9980 

.9148 

1.302 

.916 

1.953 

1.374 

2.604 

1.831 

.9960 

.9108 

1.285 

.890 

1.927 

1.335 

2.569 

1.781 

.9940 

.9068 

1.268 

.865 

1.902 

1.297 

2.536 

1.730 

.9848 

.9112 

1.190 

.893 

1.785 

1.339 

2.381 

1.786 

.9838 

.9092 

1.182 

.880 

1.773 

1.320 

2.364 

1.760 

.9828 

.9072 

1.174 

.867 

1.761 

1.301 

2.347 

1.735 

.9808 

.9032 

1.157 

.842 

1.735 

1.263 

2.314 

1.684 

.9788 

.8992 

1.141 

.816 

1.711 

1.224 

2.281 

1.632 

Notea : 

1.  P.  D.  means  pitch  diaamter 

2.  L.  E.  means  length  of  engagement 

3.  Internal  thread  at  maximum  condition,  i.e,  P.D.  * .9264, 
minor  * .8795 
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TABLE  VIII 

Maxiaua  Percent  Shear  Area  Loaa  aa  a Function  of  Plating  Thickness 


Nut  Plating 
Thickness 

Bolt  Plating  Thickness.  Mils 

Mils 

0 

_1 

2 

3 

0 

0 

8.2 

10.5 

15.0  - 

19.5 

.5 

12.2 

20.4 

22.7 

27.2 

31.7 

1/2-13 

1 

13.4 

21.6 

23.9 

28.4 

32.9 

Thread 

2 

15.4 

23.6 

25.9 

30.4 

34.9 

3 

17.4 

0 

25.6 

27.9 

32.4 

36.9 

0 

0 

7.2 

9.0 

12.4 

15.9 

.5 

11. 1 

18.2 

20.0 

23.4 

26.9 

3/4-10 

1 

12.0 

19.1 

20.9 

24.3 

27.8 

Thread 

2 

13.5 

20.7 

22.5 

25.9 

29.4 

3 

15.2 

22.3 

24.1 

27.5 

31.0 

0 

0 

6.5 

7,8 

10.5 

13.3 

.5 

10.4 

16.9 

18.2 

20.9 

23.7 

1-8 

1 

11.0 

17.5 

18.8 

21.5 

24.3 

Thread 

2 

12.2 

18.7 

20.0 

22.7 

25.5 

3 

13.5 

20.0 

21.3 

24.0 

26.8 
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TABLE  IX 

Low  Temperature  Screening  Program  Coatings 
No.  Coating 

1.  Electroplated  aluminum  (0.5  mil) 

2.  Flame  sprayed  aluminum  (Not  tested) 

3.  Xenoclad  aluminum  (0.5  mil) 

4.  Electroplated  cyanide  cadmium  (0.5  mil)  + Nylon  11 

5.  Electroplated  cyanide  cadmium  (0.2  - 0.4  min) 

6.  Electroplated  cyanide  cadmium  (0.5  mil  min.) 

7.  Electroplated  cyanide  cadmium  (0.2.-  0.4  mil)  + Teflon 

8.  Electroplated  cyanide  cadmium  (0.5  mil  min.)  + Polysulfide  sealant 

9.  Electroplated  cyanide  cadmium  (0.5  mil  min.)  + soluble  chromate 

10.  Electroplated  cyanide  cadmium  (0.2  mil)  -F  electroplated  cyanide 
tine  (0.3  mil) 

11.  Coricone  800 

12.  Diffused  nickel-cadmium 

13.  Electroplated  sulfamate  nickel  (0.1  mil)  + electroplated  cyanide 
cadmium  (0.4  mil) 

14.  Electroplated  sulfamate  nickel  (0.1  mil)  + electroplated  aluminum 
(0.4  mil) 

15.  Electroplated  sulfamate  nickel  (0.1  mil)  + Xenoclad  aluminum 
(0.4  mil) 

16.  Electroplated  sulfamate  nickel  (0.2  mil)  + electroplated  cyanide 
zinc  (0.3  mil) 

17 . Electroplated  sulfamate  nickel  (0.5  mil) 

18.  Electroplated  sulfamate  nickel  (0.2  mil)  + SermeTel  W per  AMS  2506 

19.  SermeTel  W per  AMS  2506 

20.  Electroplated  sulfamate  nickel  (0.1  mil)  + SermeTel  554 

21.  Urethabond  U-100  over  U-107 

22.  Electroplated  cyanide  zinc  (0.2  - 0.4  mil) 

23.  Electroplated  cyanide  zinc  (0.2  - 0.4  mil)  + Teflon 

24.  Electroplated  cyanide  zinc  (0.5  mil  min.) 

25.  Electroplated  cyanide  zinc  (0.2  mil)  + electroplated  cyanide  cadmium 

(0.3  mil) 

26.  Mechanically  plated  tin-cadmium 


TABLE  X 

Long-Term  Low  Temperature  Coating  Syatems 

No.  Coating  System 

1.  Electroplated  cyanide  cadmium  (0.3  to  0.5  mil)  + Iridescent 
dichromate 

2.  Electroplated  cyanide  cadmium  (0.5  mil  min.)  + iridescent  dichromate 

3.  Electroplated  cyanide  cadmium  (0.5  mil  min.)  + Iridescent  dlchromate 

+ PRC  1436G  polysulfide  sealant  under  head  and  on  threads 

4.  Electroplated  cyanide  cadmium  (0.2  mil)  + electroplated  cyanide  zinc 
(0.3  mil)  + dlchromate 

5.  Electroless  nickel  (0.6  mil) 

6.  Electroplated  sulfamate  nickel  (0.3  to  0.5  mil) 

7.  Diffused  nickel- cadmium  per  AMS  2416 

8.  SermeTel  W per  AMS  2506 

9.  Electroplated  cyanide  zinc  (0.3  to  0.5  mil)  + dlchromate 

10.  Electroplated  cyanide  zinc  (0.5  mil  min.)  + dlchromate 

11.  Electroplated  cyanide  zinc  (0.5  mil  min.)  + dlchromate  + PRC-1436G 

polysulfide  sealant  underhead  and  on  threads 

12.  Electroplated  cyanide  zinc  (0.2  mil)  + electroplated  cyanide  cadmium 
(0.3  mil)  + iridescent  dlchromate 
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TABLE  XI 


Long  Tern  Low  Temperature  Condition* 


Daily 

1.  Heat,  1 hour  with  cycle  conaiating  of:  hot  air  blaat  (400°F) . 

duration  15  second*;  marine  atmosphere  2 minutes,  45  seconds. 

Twenty  cycles  per  hour. 

2.  Acidified  seawater  spray  - 5 minutes  (8X  by  wt.  sulfurous  acid). 

3.  Seawater  inner* Ion  - 2 hours. 

4.  Marine  atmosphere  - 20  hours,  55  minutes. 

Weekly 

1.  Using  paint  brush,  all  samples  wet  down  with  the  following: 

a.  lube  oil  (automotive  grade) 

b.  hydraulic  (catapult)  - MIL-H-22072A 

c.  Aircraft  cleaning  solution  - 50%  MIL-C-43616,  50%  MIL-C-25679 

2.  Scrub  down  with' detergent  mixture  - 5%  detergent.  Type  II,  95%  JP-5. 
Simulates  procedures  described  in  NAVSHIPS  Technical  Manual,  Chapter 
9140,  22  June  66,  "Cleaning  Method  A". 

Continue  cycle  for  9 months. 
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TABLE  XII 

High  Temperature  Screening  Program  Coatings 
No.  Coating 

1.  Electroplated  aluminum  (0.5  tail) 

2.  Electroplated  sulfamate  nickel  (0.1  mil)  + electroplated 

aluminum  (0.4  mil) 

3.  Diffused  nickel "cadmium 

4.  Electroplated  sulfamate  nickel  (0.5  mil) 

5.  Electroplated  sulfamate  nickel  (0.1  mil)  + SermeTel  554 

6.  Electroplated  sulfamate  nickel  (0.1  mil)  + SermeTel  W 

7.  SermeTel  W 

8.  Inconel  718  studs  and  nuts 

Note:  A second  test  was  run  with  all  steel  cylinders  coated  by  NAEC 

with  the  Metco  120  system  of  wire  sprayed  aluminum 
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TABLE  XIII 

Long-Term  High  Temperature  Coating  Syatema 
No.  Coating  System 

1.  Bare  studs  and  nuts 

2.  Electroplated  sulfamate  nickel  (.0004  inches  thick) 

3.  Electroplated  sulfamate  nickel  (.0007  inches  thick) 

4.  Diffused  nickel-cadmium  per  AMS  2416 

5.  Electroless  nickel  (.0004  inches  thick) 

6.  Electroless  nickel  i.0007  inches  thick) 

7.  Electroplated  sulfamate  nickel  (.0003  inches  thick)  and  SermeTel 

8.  SermeTel  W per  AMS  2506 

9.  SermeTel  U (.0004  to  .0007  inches  thick)  cured  at  650°P  - 15  min 
and  1000° F - 1.5  hours 

10.  Inconel  718  alloy  studs  and  nuts 

Note:  All  threaded  surfaces  coated  with  MIL-L-4&010  (MR) »dry  film 

lubricant 
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TABLE  XIV 


Long  Term  High  Temperature  Conditions 

1.  Specimens  mounted  in  test  capsules  simulating  launch  valve  insulation 
procedures . 

2.  Monday  - inject  500  ml.  solution  into  each  specimen.  Solution 

contains:  857.  seawater  solution  of  2%  salinity  (deionized  water 

diluted),  57.  hydraulic  fluid  (MIL- H- 2 2 072 A)  , 5%  aircraft  cleaning 
solution  (507.  MIL-C-43616,  507.  MIL-C-25679) , 57.  deck  washdown  solution 
5%  detergent  Type  II,  957.  JP-5). 

3.  Monday  Noon:  Turn  on  heaters,  set  to  approx.  150° F. 

4.  Monday  5 P.M. : Increase  temperature  to  approx.  300°F. 

5.  Tuesday  4 P.M. : Increase  temperature  to  approx.  450°F. 

6.  Wednesday  4 P.M. : Increase  temperature  to  approx.  600°F. 

7.  Thursday  4 P.M. : Increase  temperature  to  approx.  700°F. 

8.  Friday  4 P.M.:  Turn  off  heaters  until  Monday. 

9.  Continue  cycle  for  9 months. 
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TABLE  XV 


1. 


2. 

3. 

4. 

5. 


Exposure  Rack  Coating  Systems 

Bare 

Diffused  Nickel-Cadmium 

Electroplated  Sulfamate  Nickel  (0.7  mil) 

Electroless  Nickel  (0.4  mil) 

Electroplated  Sulfamate  Nickel  (0.4  mil) 

Inconel  718 

All  threaded  areas  coated  with  inhibited  dry  film  lubricant 
Sands trom  9A 


f I 


TABLE  XVI 

Metal  Sprayed  Coatings 
Code  Description 

A Aluminum  (wire  spray) 

AM*  Aluminum  and  molybdenum  wire  spray  - simultaneously  sprayed 
AMP*  Aluminum  powder  and  Multiphase  MP35N  powder  1:1  mixture 

AT  Aluminum  powder  and  titanium  powder  1:1  mixture 

MP  Multiphase  MP35N  (powder) 

NA  Nickel  Aluminide  base  coat  and  aluminum  top  coat 

T Titanium 

Z Zinc  (wire  spray) 

ZA  Zinc  and  aluminum  wire  spray  - simultaneously  sprayed 

Processing  Instructions: 


1.  Coat  5 each  of  the  1/2  inch  course  and  fine  fasLeners  with  the 
coatings  above  to  a total  thickness  not  to  exceed  .002  inches.  Two 
each  (coarse  and  fine  thread)  of  items  marked  * are  »o  be  heated 

to  1000° F for  one  hour  subsequent  to  coaling  and  identified  by 
coating  lower  1/4  inch  of  threaded  area  with  zinc  chromate  primer. 

2.  Coat  5 each  of  the  1/2  inch  coarse  and  fine  fasteners  with  the 
coatings  above  to  a minimum  thickness  of  .003  inches  and  a 
maximum  of  .004  inches. 

3.  Coat  four  1 inch  dia.  bolts  with  above  coatings  to  max.  thickness 
of  .002  inches.  Heat  treat  and  identify  2 e~ch  of  the  items 
marked  with  *. 

4.  Coat  four  1 inch  dia.  bolts  with  above  coatings  to  min.  thickness  of 
.002  inches  and  max.  thickness  of  .003  inches. 

5.  Grit  blast  all  over  to  white  metal  before  coating. 
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Coat  inj 


StOfl 


Upper  Ih»K|ii|  NattrUl 

lL*-ka.‘  ?u  ju»tl 


HiattwH  jam 


Me.  I 

ClfrtroflatH  Aluelna 


flat  tug  viilkla  iowtr 
half  tack  #f  threeda. 
Mecca*  ruaty. 

Area  near  flat  ruaty. 


Plating  Wattle  lever 
Half  lock  of  thread*. 
Receaa  ruaty. 

Area  near  a let  ratty. 


Plating  vlalhla  lover 
half  lech  ef  thread*. 
Receaa  raaty. 


[U1 


Muaty  I.  D.  and 
hearing  face  aacryt 
for  fillet  hearing 


Me  attack. 


Thread*  rmaty. 


Three  da  * lightly 
maty. 


Thread*  maty. 


Me.  2 

Plane  Spray  Alueitn 


I 

o 

ED 


Bet  tea ted. 


Bet  teated. 


Bet  teated. 


Bet  teated. 


Bet  tented. 


Bet  teated. 


Bet  teated. 


Bet  tested. 


Bet  teated. 


no.  3 

The  reel 
hlealM 


itiee 


Plating  Welhle  lower 
half  inch  of  thread*. 
Remainder  ef  area 
maty. 


Flat  lag  rlalhla  lover 
half  Inch  af  threeda. 
Remainder  af  area 
maty. 


Plating  vlalhla  Invar 
half  Inch  ef  threeda. 
Remainder  ef  area 

maty. 


o 


Inner  ter fane 
totally  maty. 


Be  attack. 


Be  attack. 


Threeda  maty. 


Thread 

maty. 


eltgjhtly 


Threeda  ellgktly 
maty. 


He.  4 

Cedvlie*  ♦ By  Ion 


Ruaty  In  recaat  under  Ruaty  la  receaa  under 
heed  end  ares  near  a let.  heed  end  lever  thread*. 
Bylon  lifting.  By lea  lifting. 


Ruety  heed  O.D. 
By lee  lifting. 


o 

m 


Ruaty  I.D.  and  hearing  Be  attack, 
face  arc  apt  far  fillet 
Waring  area. 


Be  attack. 


Thread*  cl* 


Threeda  tin 


eta 


m wwi 
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TABLE  XVIL - (Continual) 


Co At ln| 

Ho.  5 

Cednt uo,  0.2 


0.4  at  l 


Upftr  MHlni  Nturlil 
If  In  loan  lt«»l 


EJ 


Platini  vie Iblo  lower 
half  Inch  of  thread#. 
Vary  a tightly  ruaty 
on  racial  alda. 

Kicaii  edge  attacked. 

Inner  aurfaca  • 
totally  rvity. 


Platini  vliikli  lowar 
half  Inch  of  thraada. 
Rue  t avidint  In  aloe 
area,  un4ar  Mad  aai 
In  raceaa. 

Ho  attack. 


Hentenaaa  gronaa 


Plating  vlalble  lower 
half  Inch,  alight 
mating  alaMira . 


Ha  attack. 


rrr 


u 


Thread a vary  allghtly 
maty. 


Thread a extrenely 
ruaty. 


Thraada  extrenely 

maty. 


Ho.  4 

Cadolim,  0.)  nil 


Plating  vUible  lower 
half  inch  of  thraada. 
Ruaty  elaautiere,  hut 
not  heavy. 


Plating  vlalble  lower 
half  luck  of  thraada. 
below  fillet,  and 
racoaa  hot ton. 


Plating  vlalble  lower 
Utf  Inch  of  thraada 
and  fillet, 
tacaae  hoc taw  ruaty, 
light  mat  an  head. 


o 

ren 


Inner  aurfaca  totally 
ruaty. 

Thraada  appear  dirty 
but  not  maty. 


Ho  attack. 


Thraada  appear  dirty 
bwt  not  maty. 


Ho  attack. 
Thraada  maty. 


Ho.  7 

Cednluw  ♦ Teflon 


Teflon  flaking  off, 
no  cadwlun  evident 
beneath  except  on 
lower  half  Inch  of 
thraada. 

Rutting  light. 


Tafloo  not  evident 
except  iom  in  ftllot 
and  on  lower  Half 
inch  of  threedo. 
Sll^tly  ruaty 
oleoohoro. 


Tafloo  avldont  only 
lower  half  loch  of 
thraoda. 

Slightly  ruaty 
alaetdtera. 


Inner  aurfaca  maty 
except  for  fillet 

area, 

Thraada  clean. 


Ho  attach. 


Thraada  ruaty. 


Ha  attack. 


Thraada  mated 
eatonalvafy. 


Ho.  • 

Cadwlun  ♦ Sealant 


Plating  vlalble  lower 
half  inch  of  thraada. 
Ruaty  tlaewhere,  not 
heavy. 


Plating  vlalble  lowet 
half  Inch  of  thraada. 
Ruaty  eltawharo,  not 
heavy. 


Mating  vlalble  lower 
half  Inch  of  thraada 
and  below  fillet. 
Scale  in  receae. 


Ha  attack. 


Thraoda  ruaty. 


dD 


Inner  aurfaca  ruaty 
except  for  bearing 
faca  and  below  ftltat. 


Thraada  exceptionally 
claan. 


He  attack. 


Thread#  mat  covered 
bwt  not  otftockod. 
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TABLE  XVII  - (Continued) 


tn.in* 

Mo  . t 

Cedotuw  ♦ Soluble 
ChroMU 


Uni 


UMMt  Kicking  NattrUl 

iMiaif**  toil  sawiiistu 


*Ol 


•tot  nitty, 

coot  tog  acreped  off 
lower  threadt  leaving 
cedwluo  lot  oct . 


Plot ln(  infect  lower 
hell  lock  of  chrende. 
bitty  recett,  toy  of 
heed  eo4  clot  area. 


Mo.  10 

Cadoiua  ♦ tine 


Not  tetrad ■ 
Not  teated . 


No  ettock.  No  ettock. 

threadt  rooty.  Ihreeda  very  ratty. 


Pitting  vltlkle  lower 
Keif  lock  of  thread# 
end  moo  under heed, 
teceee  ratty* 


Fitting  lotect  on 
thread# . 

kecoot  ratty* 


Fitting  40910104  la 
eltt  erne. 


Inner  evirfecc  rutty 
eacept  for  fillet 
trot. 


No  attack. 


Ihranda  clonn. 


Nhlte  depot U on 
tkroogt . 


No  attack. 


tfhtte  Nnyoclt  at 
thread#. 


<i 

i\ 

b 


r 


r 

k 

5 

i 

b 


\ 


No.  U 

Cor  leone  NO 


Catting  stripped  off 
tkrooit  SI  area, 
ratty,  pooling  on  kea4 
na4  wa4or  koa4. 


91  coating  ttrlppo4 
(ran  tkrao4a,  tone  re 
crevice  attack  no 

*ea4  tag  aroaod 
roc oat. 


It  coating  etrlpped 
fron  thread#,  stripped 
u«4er  ket4  ukere  erotica 
attack  obccrvnd. 

Ktcott  alto  crtvlco 
attacked. 


o 


•envy  rati  on  laotr 

turfaca. 


No  attack. 


No  attack. 


Thread#  rutty. 

Ik  roe  4a  ratty. 

Thread#  ratty. 

No.  12 

Diffused  Nickel -Ctdnlwa  [~3 

3 

Light  rate  alnaet 
non- eel  a teat . 

Heavy  nut  kroack 
Wot  too  an4  near  ilot. 
ftecott  o4ge  attacked. 

tight  rati  only  la 
alat  atr.  snd  racaaa. 

o 

Internal  arte  rutty. 

No  attack. 

No  ettock. 

02 

Threeda  ellgktly 
rutty. 

Thread#  ratty. 

Threadt  lightly 
raata4. 

Mo.  1) 


Nickel  ♦ CeAelun 

Plating  Intact  lower 

Fitting  fnttet  lower 

Flat  lag  Intact  lower 

* — * keif  Inch  of  threads. 

kolf  inch  of  threads. 

half  Inch  of  threadt. 

Vo*  Slot  area  slightly 

Fillet  trot  ellgktly 

rutty  tlet  tree,  receat 

H nitty. 

ratty. 

end  teg  ef  heed  et tacked 

B batty  under  Head  and 

lo  recoct. 

ktcott  ratty. 

Inner  outface  ratty 
encept  for  fillet  area. 

1krea4a  ellgktly  ratty. 


No  ettock. 


Ihreeda  ellgktly  maty. 


No  attack. 

Ihreada  ellgktly  ratty. 
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No.  U 

Nickel  ♦ Electroplated 
Alu«lm« 
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Upper  bihlni  Material 
lulnlill  fteal 
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Coating  Intact  all  aver.  Ca.tlng  Intact,  kreack 
Slightly  rvity  i»  «•«••*  n»«ty. 

end  on  tVinail. 


Coatlni  atalned  la 
•lot  area,  breach 
•(Cached  slightly  • 
edge,  Mere  ea  hot  to 


EJ 

lanar  or  face  ruaty. 

lllght  cravlca 
attack. 

Thretoa  altghtly 
ruaty. 

to  attack. 

Ihreato  allthtly 
rtoty. 

0 

Thretoe  cltglitly 
ruaty , 

No.  IS 

Nickel  4 Thorual  r — * 

Dteotyotltiofl  Alialmt  W 

Nlckal  intact  all 
over. 

lust  stains,  h«t  no 
attack. 

a 

Cravlca  attack  tutor 
he  to  tola,  kroaek 
bo t ton  ato  toga. 

Coot  lag  lower  half 
loch  of  threads,  O.K. 
lusty  slot  area. 

Attack  Hoad  edge,  racoaa 
odfs , brooch  bottom. 

G3 

Inner  aurface  ruaty. 

Mo  attack. 

No  attach. 

0 

Thraeto  ruaty. 

Ik  recto  vary  ruaty. 

Ikreeto  maty. 

No.  1ft 

Nickel  4 Zinc 


No.  IS 

Nlckal  ♦ SemeTsl  W 


Coo tins  visible  lover 
half  Inch  of  threads. 
Rutty  elot,  under  band 
and  racoaa. 


Coat Inf  vlaibla  lower 
half  Inch  of  threads, 
lusty  slot  end 
recede. 


lusty  slot  area, 
t cast  area. 


ra 

Inner  aurface  ruaty. 

Ho  attack. 

a.  attack. 

0 

Threads  slightly 
rusty. 

Threade  slightly 
rusty. 

Thread  a maty. 

No.  17 

Nickel,  O.S  nil  »tn 

luat  atalna. 

Magi lbla  attack. 

Slight  attack  alat 
area,  heavy  attack 

Insignificant  attack 

•ncapt  for  rocaaa 

bet tan . 

o 

Inner  surface 
completely  ruety. 

Slight  create* 
attach , 

Mo  attock . 

0 

Thread*  ruety. 

Ihratoa  ruaty. 

Threads  rusty. 

Rutty  racoaa 
•lot  area. 


O timer  surface  ruaty 
except  fer  fillet 

area. 


_y_ 


fhreeda  maty. 


Ruaty  roceea  and 
•lot  area. 


No  attach. 


Threads  aU#tly 
maty. 


Ruaty  racoaa  and 
•lot  area,  attacked 
under  heed  and  edge 
of  recess. 


Me  attach. 


Threads  ruaty. 
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TABLE  XVII  - (Continued) 


C oil  Ing 

He.  It 
ItrwTll  W 


Upper  kuh(A|  Material 
Ullulni  jm) 


Coating  Intact  lomr 
half  'nek  ml  thraaAa. 
P»ahn|  vary  ill|h(lp. 
Iw«t I a|  upp«r  Half  lark 
af  thraa4a . 

Ucaat  o 14a  sillily 
maty.  Cklaying  mm 
kaaA. 


1kra«4  tMtlag  tat  act . 
Attack  an  Aar  MW  vitk 
rwt  klaeAtng. 

Immi  alAa  aaA  eAge 
attackaA. 


TkraeA  CNtlag  Intact. 
Attack  iaA*r  MW, 
racaaa  at An  aaA  aAga. 


ftuaty  laaar  awrfaca 
aacept  far  fillet 
area. 


Ba  attack . 


TkraaAa  vary  allgktly 
ruaty . 


TkraaAa  alt^tly 
maty. 


•ty. 


Ho.  20 
ServeTel  354 


V 


Ium  atalna  an  tkraaAs, 
racaaa  maty. 


TkraaAa  mat  atalaaA. 
attack  unAar  kaaA. 
racaaa  e4ga,anA 
tettaa. 


Canting  O.K.  levee 
katf  lack,  racaaa  Wya 
aaA  kattaa  attackaA. 


knaty  lanr  aarfaca 
•aeeyt  far  flllat 
area. 


Ba  attack. 


Ba  attack. 


^ TkraaAa  allgktly  IkrenAe  maty.  TkraaAa  claaa  • 

U 


Ha.  21 
UrcthakonA 


S 


tuaty  alat,  flllat, 
racaaa. 


Coating  Intact  mm  931 
#f  ckraaAaA  area. 
Lifting  aa  kaaA. 
toceea  maty. 


Coating  Intact  mm 
threaA  area  rwrpt 
far  aloe  area, 
tacaaa  aAga  aoA 
Wttan  attackaA. 


11  H Inner  aarfaca 
Xll)  ntty. 


TkraaAa  maty. 


Ba  attack. 


TkraeA  vary 
allgktly  maty. 


TkraaAa  allgktly 
maty. 


Ha.  22 

fine.  0.2  • 0.4  nil 


tuaty  alot 


Inner  aurface 
roa^lataly  mataA. 


Ruaty  alat  aaA 
racaaa  area#. 


Ba  attack. 


Ruaty  alat  aaA 


Ba  attack. 


TkraaAa  clean. 


eAa  tl« 


TkraaAa  allgktly 


I I 

I 
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TABLE  XVII  - (Continued) 


1 

I 

i 

t 


Cm  i (jig 
Ho.  I) 

line  ♦ ifllga 


Imi 


Ipptf  Mstsrlsl 

lUAilai  iitfi  aatggt  icaM 


l-ilty  slot  al 
r ocoss. 

Pe*l  lag  M ka«S. 


I«at y aUt  aai 
racass. 

FmIIH  ksaS. 


tensty  slst  nl 
r sc ass. 

N«1U|  mm  I Mi. 


*u»ty  Immt  surf  sc  a 
•■cap*  fw  lilUt 
am. 


ii  attack. 


y 


IkrcaAa  atl|ktlf 
nasty. 


Ikrasla  vary  nasty.  TWraaAa  si  lately 

nasty. 


Am.  24 

lice,  0.5  mix  ala. 


V 


num  .L.ibi.  imi 
lull  tack  af  tkraato 
aa4  (lilac  mm. 

Llgkc  net  «a  tkraato 
Mi  Mvrtav  cc.la  ta 
new. 


Flaclag  .t.lklc  Imi 
lull  lack  ml  tkraato 
Mi  fillet  eras. 

(Mat  ta  clat  amt  *c4 
kaaay  ta  race*,  katta* 


Flat  lag  alalkla  I ami 
kail  tack  af  IkraaCa 
aa4  (lilac  mm.  tact 
ta  aim  am  aa4  kaaay 
1a  racaaa  Wt  tea  . 


kaatjr  laaar  aarlaaa 
amcapt  tor  (11  lm 
area . 


El 

tomato  lively 
naui  ta  eyaca. 

TkraaSa  vary  class . 

lkmato  maty. 

Bm.  25 

Itaa  ♦ Ca4it«i  r-j 

FI  at  lag  la  tact  leaf 
kail  lack  al  tkreate. 

Fist ta*  1st set  lestr 
Half  irtek  sf  tkra*4s. 

Flat  tag  lee  act  laaar 
kail  lack  af  tktaato. 

1 

kvtty  slst  tin, 
racaaa,  flllst. 

kvsty  slst  srss. 
rscssSg  flllst  sll^tly 

testy  slst  arssg 
tscsss  flllst  sst 

nwty. 

maty. 

O 

bmr  MTftci  rusty 
raetpt  (or  ft list 

Am  attack . 

am  attack. 

0 

TVrtUa  cInb. 

1kr««Js  class. 

ikrssis  maty. 

to.  1* 
TU-C*4aleu 


i — i 

Platini  Intact  latter 

Fisc  lay  Intact  laser 

.flat lag  latact  laaar 

w 

half  tack  af  tkrente. 

kalf  lack  sf  tkrssHs. 

kalf  lack  af  thraato. 

a 

lusty  slat  area » 

testy  slst  araa. 

toacy  area. 

i 

racass,  flllst. 

rucsss,  flllst. 

racaaa,  flltat. 

laser  surfsss 

am  attack. 

to  attack. 

El 

cssylstsly  rusty. 
Ikrssis  rusty. 

TkmnSa  rusty. 

tomato  maty. 

L 


J 


j 


4 
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TABLE  XVIII 


Low  Temperature  Long  Term  Salt  Spray  Test  Reaulta 


N.» . 1 

< 

n.  1 to  0.3  all 
♦ rhroMtr 


lle*d  and  drive  ruiiv, 
Undr  r he  ad  ruaty. 

White  corroelon 
pro«kicta  on  threads. 


Upper  I’liif  Main  Ini 
Stnlnles*  Steal 

a* 

v.  Hand  ami  drlvr  maty. 
Undrrheml  rusty. 

White  corrosion 
products  on  threads. 

Rust  stntnsd. 


Hnnaanese  Rronse 


Head  and  drive  ruaty. 
Underheed  rusty. 

Whits  corrosion 
products  on  threads. 

Rust  stained. 


No.  ? 

( Altai  U* 

0 . 3 nil  nln . 
♦ chromate 


Mend  and  drive  ruaty. 
1 tad er heed  rusty. 

Whits  corroslOTi 
products  on  thrssds. 


Slightly  rusty. 


Heed  and  drive  ruaty. 
Underheed  rusty. 
White  corroeldn 
products  on  threads. 


Rust  stained. 


Slightly  rusty. 


Heed  and  drive  rusty. 
Underhead  rusty. 

White  corrosion 
products  on  thrssds. 


Rust  stained. 


Slightly  rusty. 


No.  3 

Cadmium 
0.3  all  nln . 

♦ ch  romci 
+ polysulfide 

sealant 


Head  end  drive  rusty. 
Underheed  clean. 
Threads  clean. 


Meed  and  drive  rusty. 
Underheed  deep. 
Threads  clean. 


Very  slightly  rusty.  Clean. 


Need  and  drive  rusty. 
Under  head  clean. 


Very  slightly  rusty. 


No.  4 
Cadnlun 
0.2  all 

• Zinc 
0.3  all 

♦ chromate 


Heed  end  drive  rusty. 

UndsTheed  rusty. 

Milt#  corrosion 
products  on  thrssds. 


White  corrosion 
products  on  threads. 


Msed  and  drive  slightly 
rusty. 

Underhand  slightly  rusty. 
Milte  corrosion 
products  on  threede. 


White  corrosion  products. 


White  corrosion  products. 


Underhead  ruaty. 
White  corrosion 
products  on  thrssds. 


Rust  stains  and  white 
corrosion  products. 


Whl’e  corrosion  products 
and  slightly  rusty. 


No.  3 
Nickel  . 
electroless 
0.6  nil 


Head  and  drive  very  Heed  end  drive  pitted, 

slightly  attacked. 

Underhand  clean.  Underhead  attacked. 

Threads  very  slightly  Threede  clean 

attacked. 


Rust  stained. 


Heed  «nd  drive  severely 
attacked. 

Underhand  clean. 

Threede  clean. 


Rust  etetnod. 


L 


J 


i 


6 


4Nb  • NAI  (.  - ?4V,  IHt  V >■••*»> 

Tt  * o . mu 

r 


i v*  . nnjj 

No . h 
KUkri  , 

*1**^  i r or  I ■»  t «•<! 
0.1  to  0.1  mil 


No . 1 

Nt.  krl  -i  adnlun. 


d 1 1 fused 

I 


No.  8 

Senee  Tel  W 

0.4  to  0.7  ntl 


No.  9 
l Inc 

0.3  t » ".5  W|| 

♦ ihrowir 


No . ] 0 
7 1 nc 

0.5  nil  iMn. 
* chrwut* 


TABLE  XVIII  - (Continued) 

I.ov  TVmrriilore  Lt«ag  lern  '••It  Spray  leal  Results 
Upper  Plate  Material 

Steel  Stalnleaa  Steal 

lf)*0  304 

helve  bnttoa  pitted.  Head  and  drive  ell^itly 

a 1 1 nc  ked  . 

Uiyiirhffld  (lean.  Fillet  attacked. 

Ihteads  clean.  Thread*  clean. 


Head  and  drive  clean. 
Underheed  clean. 
Threads  cleen. 


Ruaty . 


Rusty . 


Heed  clean,  drive  attached. 
Underheed  clean. 

Thread*  clean. 


Ru*t  etelned . 


Rusty . 


He.»d  c lean  , drive 
attacked  al ight ly  . 
Under  he  ad  claaa. 
Thread*  cleen. 


Heed  end  drive  attached. 

Under  he  ad  cleen. 

Thread*  clean. 


Kiel  etelned. 

Rusty. 


Head  and  drive  ruaty. 
Underhead  ruaty. 
corrosion 

product*  on  thread*. 


Head  and  drive  ruaty. 
Underhand  ruaty. 

White  tor  roe  Ion 
product*  on  thraada. 


JiiiJ 

Milte  corroalon 
produc  ta. 


Ruat  etelned. 

Whit*  corroalon 
products  - 


Head  and  drive  cutty.  Head  and  drive  ruaty. 
diltr  corroalon  White  corroalon 

produce*  underhead  product*  under  he  ad 

and  on  thread* • and  on  thraada. 


Rusty. 

White  corrosion 
products. 


huat  stained. 

White  corroalon 
product*. 
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“1 


Head  and  drive  severely 
attacked  . 

Underheed  rleea. 

Thread*  claaa. 


Rust  stained. 


Ruaty . 


Head  and  drive  attacked, 
hade r heed  c lean. 

Threads  clean. 


Rust  stained. 


Rusty. 

Head  -*nd  drive  attacked. 

Underheed  i lean. 

Threads  attached. 

lust  stained. 

Ruaty . 

Head  and  drive  rusty. 
Whit#  corrosion  products 
under he ad  and  on  threads . 


Rust  stained. 


White  corroalon 
produc  ta . 


Head  end  6 r We  ruet » . 
White  corroalon  product* 
under he ad  and  on 

threads. 


Rust  stained. 


te  corroalon 
r«ddut  ta . 


L 


J 


m 
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n 


i 


-t  i..| 


in* 

0 . ' ~ill  »*m. 

• hi.aulr 

* (•«>  l v#u  I f I il • 
if*1  tni 


N«*.  12 
/ tn« 

0.2  *tl 

♦ cadulua 

0.3  all 

♦ chroMtr 


TABLE  XVIII  - (Continued) 


U*w 


l »wf)f  i .11  I|f  r 


Meal 


KY80 


Lana  Ten  Salt  8pr.av  Ta*et  Rreulte 
Upper  Plntr  Materia! 
fitalnlem  Steel 

you 


Ik*  iH  nd  drive  ruetv. 

Underhe.vl  nifty. 
Thnad*  clean. 


He  Ad  nnd  drive  rufty. 
Underhand  i lean. 
Thread*  ( Imp. 


Kuf  t 


y- 


Hir»-<df  clean. 


Ruft  trained. 


Thread*  <*lean. 


Hanaetiff  Rronie 


Hand  nnd  drive  rufty. 
Underhe *d  clean. 
Thread*  clean. 


Ruft  ftalned. 


Thread*  cleau. 


H«.<d  end  ‘rive  rufty. 
Underhead  rutty. 
White  corroeien 
product*  on  thread*. 


Head  and  drive  ruety. 
Underheed  ruety. 

White  corroeion 
product#  on  thread*. 


Head  and  drive  maty. 
Underhead  ru*ty. 

White  corroeion 
product*  on  thread*. 


Ul'Z)  *“iy- 

Whit*  corroeion 
product*. 


Ruet  at elned . 


tAiit*  corroeion 
product*. 


Ruet  atelned. 


White  corroeion 
producte. 


( 


L 


J 
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TABLE  XIX 


n 


Long  Term  Low  Temperature  Test  Results  - 2 1/2  Month* 


Dp  par  Place  Material 


Stool 
f HTfO 

ttalalass  ftaal 

30*  _ . 

Msnaaa...  liait* 

Ho.  1 
Cadmlun 
0.3  co  0.5  all 
♦ chroojti 

Cray  colored  Salt 
Hoado , good  protect loa 
oroaad  hood*  duo  to 

•ocrlflclol  oc t loa. 

Or ay  calarai  kali  haais. 

Grsy  cslored  bait  hssds 
*1 tk  sene  rust  spats. 

Ho.  2 
Csdultsi 

0.5  all  ala. 
+ chranete 

Cray  colored  holt 
hood# , good  protect  loo 
•round  bead*  due  to 
• aerlfklil  action. 

Milt*  corrosion 
praducto  on  hood. 

Nasty  at oaal  bait 
haai  sigs. 

Ho.  3 

Csdnlun 

0.5  all  ala. 

♦ chroasto 

♦ polyaulflde  tool oat 

Cray  colored  bolt 
heads,  good  protect loa 
•round  Iteode  duo  to 
•ocrlflclol  Action 

White  corrosion 
products  on  hood. 

baty  s round  bolt 

bond  sdgs. 

No.  4 
Codatua 
0.2  all  ala. 

♦ t lac 

0.3  all  4 chranete 

Cray  colored  bolt 
beads.  Lightly 
rusting. 

Cray  calarai  kail 
Veto  • claaa 
apgaaraaca . 

• 

■aai  rusty  aa  tag, 
ta  rscasa  aai 
srauai  toga . 

Po.  S 
Nickel 
electfttleea 
O.t  .11 

Meek  »telne4  ettk  ru.t . 
receee  lightly  maul, 
aa  eecrtflclal 
yretectioa  mi  eceel 
black. 

bust  srsuai  kaai 
aai  la  racaas. 

Nasty  all  swr. 

Ha.  k 

Nickel 

electropletea 
0.1  to  0.3  .11 

■sod  stained  with  mot. 

Ruse  atalnai  aa  kaai 
aai  la  racaas. 

busty  around  head 

Ho.  7 

Hick*  l-cedulun, 
di  f fused 

Heed  sad  in  recess. 
Bolt  black  colored. 

bust  stslned  around 
head  end  In  receee. 
bolt  black  colored. 

bus t stained  around 
heed  end  la  recess, 
bolt  blsck  colored. 

Ha.  • 

SoraoTol  V 
0.4  to  0.7  all 

Bust  Speckled  oil 
over  bead.  No 
•ocrftflclal  protection 
of  steel  block. 

busty  all  over. 

Ho.  ♦ 

Zinc 

0.3  to  0.5  all 
+ chronst* 

Sosa  uhtce  corrosion 
product  in  recess, 
better  throwing  power 
protection  around 
bolt  than  codalia. 

White  corroe&on  products 
on  head  end  la  receee. 

busty  receee  hot  tea. 

No.  10 
Zinc 

0.5  all  nl-». 
♦ chroaoto 

White  cot roe  Ion 

better  throwing  power 
protection  around  bolt 
than  codatua. 

Milts  corroelon  products 

busty  recess  Hot  ton. 

Na.  11 
Zlac 

0.1  .11  .la. 

♦ chraaite 

♦ MlrHlIIlt  a.alaat 

tM*  whit.  cerro.toa 
yrtouct  la  mm, 
totter  tkrawlag  powar 
pr.t.ctlsa  aiNul  Volt 
Am  cal.Ua. 

White  cerraolaa  products 
an  hood  sad  In  recess . 

busty  rtree#  button. 

Na.  12 

Zlac  0.2  all 

♦ ciCela  0.3  all 

♦ ckreaete 

1 

Cali  layer  to* 1 tag 
l.aotag  Vltok  ni(ki 
tola..  Thrsvlag  yawt  1 
grstsetlea  aa*  as  gaai 
as  gar.  alas. 

Pary  gaai  srtgtaal  gali 
iggaaraacs  with  Mall  black 
black  a pace  ta  racaas. 

Alaoot  ell  block 
appear eace  eaeept  for 

J 
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TABLE  XX 

n 

! 

Long 

Term  Low  Temperature  Test  Results  - 4 

Upper  Hlrttr  flnlrtlnl 

1/2  months 

- ■ . 

$ t re  1 

JIVK0 

Sl.i|nlf«(i  Steel 
3iy.  

__  Jlangaiivsf^  R mnrj  _ 

N>«.  1 

T ulm  turn 

0,1  IP  0.'»  mil 

* tTiiPmnte 

WiMil  iiinl  drive  ruslv, 

‘i.iiiK*  plating  lemn  Ini  nil 
on  till  nail  a.  Rout  v 
umlnr  hi'ml , Utrrfulcil 
hole  clean,  counier- 
hort*  a lightly  ruaty. 

R*i  i»*h  iitai  v , pint  Ing 
prt-Hcni  «*«  'hie.ida, 
vmmi erbor#  vlenn. 

Iliad  mul  rrihss  rusiv, 
nnderhr  a<l  him  k , Sum* 

plating  nI  111  on  threads, 
threaded  hole  clean, 

» ounterbore  black. 

No.  2 
Cadmium 
0.}  mil  min. 
k chromate 

Head  and  drive  ruaty. 
Some  plating  remaining 
on  threads.  Threaded 
hole  clean,  counter- 
bore  ruaty. 

Recess  ruatv,  plating 
present  on  thread#. 
Cotmterbore  and 
threaded  hole  clean. 

Head  and  drive  ruaty. 
Underhead  Mack.  Some 
plating  remaining  on  threads. 
Counterhore  black,  threaded 
hole  clean. 

No.  ^ 

Cadmium 
0.5  mil  min. 

♦ chromate 
k polysulfld* 
neal  nnt 

Heceaa  very  a 1 ight ly 
ruaty,  head  gray, 
sealant  Intact  under 
head,  threada  clean. 
Counterbore  clean, 
threaded  hole  clean. 

Slightly  ruaty  recesa  , 
gray  head,  sealant 
Intact  under  head, 
threads  clean.  Counter- 
bore clean,  threaded 
hole  clean. 

Rusty  drive  and  head,  black 
under  head, threada  clean. 
Stack  counterbore. 

Threaded  hole  clean. 

No.  4 

Cadmium 

0.2  mil  min.  * 

♦ tine 
0.3  mil 

♦ chromate 

Heceaa  slightly  rust*, 
head  gray.  Slight  white 
corrosion  product*  on 
threada.  Undertmad 
■lightly  corroded. 

Conn terborc  and  threaded 
hole  clean  with  aome 
white  corroelon  products. 

Recces  and  head  gray. 
Some  white  corroelon 
producta  on  threads. 
Counterbora  and  threaded 
hole  clean  with  some 
white  corroelon  producta 
on  threada. 

Head  and  recess  rusty. 
Underhead  rusty.  White 
corrosion  products  on  threads. 
Counterbore  rusty.  Threaded 
hole  clean  with  some  white 
corroelon  products. 

No.  5 
Nickel 
electrolei. 
0.6  mil 

H, ad  and  rec...  ruaty. 
Corro. ion  product,  on 
thread..  Count. rbor. 
rutty.  Thr.aded  hot, 
•lightly  ruaty. 

Head  .ml  rec...  ruaty 
Black  product,  on 
thread*.  Count.rbor. 

And  chrt.d.d  hoi.  black. 

Head  and  tec...  ru.ty. 

Black  product,  on  thread., 
counterbore  and  In  thra.ded 
holt. 

No.  6 
Nickel 

e lec  tropin  ted 
0.3  to  0.3  ail 

Receas  ruety  and  also 
around  head.  Threads 
black,  counterbore  ruety. 
Threaded  hole  slightly 
rusty. 

Receas  and  around  head 
rusty.  Thread#  black, 
counterbore  ruety, 
threaded  hole  black. 

Recess  and  around  head  j 
rusty.  Threads  slightly! 
black.  Counter bore  rusty, 
threaded  hole  > lightly  r^sty. 

No.  7 

Nickel 'cadmium, 
d 1 f fused 

Head  and  drtv.  ruaty, 
thread,  black,  counter- 
bore  and  threaded  hot. 
black. 

Reie».  ruaty,  h«.d  and 
thre.d.  black,  Count.r- 
horc  clem,  threaded 
hole  black. 

Head  and  thread,  ru.ty, 
thr.ad.  black.  Count.rhore 
ru.ty,  thra.ded  hole  black. 

No.  8 

ScrmeTel  W 
0.4  to  0.7  *11 

Recess  slightly  rusty, 
also  around  head.  Threads 
black,  counterbore  and 
threaded  hole  ruaty  and 
black. 

Recess  and  around  head 
aihI  thread*  black. 
Counterbore  clean, 
threaded  hole  black. 

Head  and  recees  rusty,  threads 
black.  Counterbore  rusty, 
threaded  hole  black. 

No . 4 
Zinc 

0.3  to  0.5  *11 
+ chromate 

Mead  and  recess  ruaty. 
Some  plating  remaining. 
Threads  dsrk  gray. 
Counterbore  rusty, 
threaded  hole  clean. 

Recess  and  around  head 
ruaty,  threada  black. 
Counterbore  rust  stained. 
Threaded  hole  light  gray 
with  white  corrosion 
producta . 

Receas  and  head  rusty. 

Threads  slightly  rusty  with 
white  corrosion  products. 
Counterbore  rust  stained  and 
threaded  hole  light  gray  with 
white  corroelon  products. 

No.  10 
Zinc 

0,5  mil  min 
♦ chromate 

Head  and  receas  ruaty, 
white  corrosion  products 
on  thrsada.  Co* nterbore 
•lightly  ruaty.  Threaded 
hole  clean  but  white. 

Rece.a  *nd  around  head 
ru.ty.  White  corro. ion 
product,  on  thr.ad., 
Count.rbor.  ru.t  aulnad 
<nd  thr.ad. d holt  vhlta. 

Head  and  rece.a  rutty. 
Thread,  .lightly  ruaty 
with  white  and  Mack 
corro. ton  product,  praarnt. 
Count. rborr  at.lntd  red  hut 
threaded  hole  white. 

No.  11 
Zinc 

0.5  mil  min 

* chromate 

♦ polysul  fide 
sealant 

Head  and  recees  ruaty 
Undtrhead  and  threada 
clean*  Counterbore 
ruety*  Threaded  hole 
clean. 

Rece.a  and  around  head 
ru.ty.  Und.rh.td  and 
thr.ad.  cl, an,  counter- 
bora  itilned,  thra.ded 
holt  clem. 

Rec...  and  head  ruaty. 
Thread,  clean,  counterbore 
ru.ty,  threaded  hoi.  clem. 

L 

No.  12 

Zinc  0.2  mil 
+ cadmium 
0.3  mil 
+ chromate 

h.c.M  and  .round  h**d 
•lightly  dt.color.d. 
Thre.d.  h*v«  planty  of 
plating  pr.a.nt.  Count.r* 
bore  clean,  threaded  holt 
clean  but  .lightly  gray. 

Rec...  *nd  around  ha.d 
.lightly  dtacolored, 
Thr.ad.  clam,  plating 
peeling  m thread. . 
Count.rbor.  «nd  thr*«d*d 
hot.  clam,  l.tt.r  gr.y. 

Ito.d  and  rece.a  ru.ty, 

Thre.d.  clem  but  it.lned. 
Counterbor.  ru.t  at.ln.d, 
threaded  hoi.  cl.m  hut  > 

gr.y. 

At* i>  H*\  < • ? 4*  ,<Ml  V ?*  %•! 

*1 4 ♦ < *«.  Mill 


r i 


cgaiiflt 

NO  1 

CednlUB 

01  to  05  all 
♦ chroMCt 


No  2 

Cm4m\am 
0.5  all  aid 
♦ chraaoeo 
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TtfU  XXI 

Long  Term  Low  Tdopdrnturg  T«tt  loaulta  - 7 Month* 


Stool 

mo 


Stainless  IimT 




Plata  Motor  lo  I 

Ho  noon*  id  Sronas 


Hood  rusty  and  flaking,  load  and  rocooi  rusty , 

rocooo  ruoty,  throodo  black,  tkroodo  block,  point  ruoty. 
point  ruoty.  Threaded  kola  Threaded  kola  gray  but 
block  but  not  ruoty,  clean,  counter  boro  ruot 

couotorboro  ruoty.  atalnad. 


Hoed  ruoty  ood  flaking, 
rocooo  rooty , throodo  black, 
point  ruoty.  Throodod  hold 
block  but  not  ruoty, 
countorboro  ruoty. 


load  ood  rocaaa  ruoty, 
tkroodo  black.  Thro  ad  ad 
kola  gray  but  cloao,  countor- 
boro mt  stained. 


no.  3 
Caduiia 
0.5  all  aln 

♦ chraaatt 

♦ po 2 you If Ida 
■ealant 

Mead  oad  rocaaa  ruaty, 
tkroodo  black  with  tarn 
coating  a till  praoant. 
Threaded  holo  ruoty, 
counterbora  ruoty. 

Slight  mating  on  racaao 
comera,  aklta  corroalon 
product*  undor  head  and  on 
top  half  of  tbraodo,  point 
ruoty.  Threaded  hole  hove 
aklta  corroeloa  products, 
countarbora  mat  stained. 

Ho.  4 
Cadalua 
0.2  ail  aln. 

♦ 2 lac 
0.3  ail 

♦ chroMt* 

Hoad  end  recess  rusty 

with  attack  on  top.  Thraada 
black  with  uhlta  corroeloa 
products  In  root.  Thread ad 
kola  ruoty,  couotorboro 
ruaty. 

■aod  and  recess  ruaty, 
thread#  black  ood  slightly 
rusty , point  maty.  Throadod 
kola  ruaty,  coaa tar bora 
mat  a talnod . 

No.  5 
Mleka 2 

olectralaaa 

0.6  all 

Hoad  and  racoaa  ruaty. 
7hraode  black,  point  maty. 
Throadod  kola  vary  ruaty, 
countarbora  black 

■aod  fUklag  badly, 
tkroodo  block,  point  ruaty. 
Throodod  kola  dirty, 
couaterbore  mot  • to  load . 

No.  6 
Nickel 

electroplated 
0 3 to  0. 3 all 

Sam  plat  lag  on  hoed, 
renal Oder  ruoty,  threads 
block,  point  OK.  Throadod 
hole  vary  rusty , counter- 
her#  maty. 

■ood  maty  with  mm  plating 
evident  on  top.  Throodo 
black,  polot  cloan.  Throodod 
holo  maty,  countarbora  mat 
atalnad. 

No  7 

Nicks  l-cadnlia 
diffueod 

Sam  plating  on  head, 
racaao  ruoty.  Thrando 
black,  point  ruaty. 
Threaded  hole  black, 
countarbora  ruoty. 

tacaae  maty , thread* 
black,  point  ruaty. 
Throodod  kola  block , 
countorboro  ollgktly 
•talnod 

No  6 

asraeTal  U 

04  to  07  all 

Hood  oad  roceeo  ruoty, 
throodo  block,  point 
ruoty-  Threaded  kola 
ruaty,  cauatorbara  ruaty. 

kecaas  mat  atalnad  , 
threads  block,  polot 
maty,  Throodod  kola 
block,  coadterbero 
•talnod. 

no  a 

Zinc 

03  tw  0.5  all 
* chrousts 

Hoad  and  recess  rusty, 
threads  black,  point  maty. 
Throadod  kola  runty, 
countarbora  dirty 

Hood  maty  and  floklng, 
thread  maty . Threaded 
holo  ruaty,  coauto rb are 
mot  otoinod. 

NO  10 
Z Inc 

0.5  •(  1 aln. 
* thr-Mat* 

Hoad  and  recce*  ruoty, 
throodo  blocl.  Throodod 

koto  oll^tly  ruoty, 
countorboro  ruaty. 

Hood  and  rocooo  maty, 
tkroodo  ollgktly  maty. 
Threaded  kola  maty, 
counter  bare  mat  atalnad . 

NO  11 
Zinc 

05  all  aln. 

♦ cKrouta 

♦ polyaulflda 

•ealant 

Head  aod  racaao  flakl^, 
thraada  dirty,  point  maty. 
Threaded  kola  ruoty, 
countorboro  ruaty. 

Head  and  rectos  maty, 
tkroodo  block,  point  maty. 
Throodod  kola  slightly 
ruoty,  countarbora  rust 

stained. 

No  12 
l lac 
0.2  ail 

♦ co^ka 

0.3  nil 

Hand  and  racoaa  maty, 
thraada  have  white  enema  tan 
presets,  paint  maty. 
Throodod  knU  maty. 

Cans tark am  maty. 

toad  and  rocooo  slightly 
msty,  threads  block, 
point  ruoty.  Thmadal 
hole  bioak , aoun barbate 
mat  a to  land. 

Hoad  flaking  ood  rocooi 
ruaty,  throodo  black  oxcopt 
undor  hood,  point  ruaty 
Throadod  hole  gray  but  cloan, 
countorboro  ruo t otalnod. 


Hoad  and  rocaaa  ruaty  ard 
flaking,  throodo  black,  oxcopt 
undor  hood,  point  ruoty. 
Throadod  koto  gray  but  cloan, 
holo  ruot  otalnod. 

load  and  rocaaa  ruaty,  thraado 
black,  point  ruoty.  Throadod 
holo  has  black  corroalon 
products,  countorboro  ruot 

otalnod. 


Hoad  and  racoaa  ruaty, 
thraado  black,  point  ruaty. 
Throadod  kola  ruaty,  countorboro 
otalnod 


tend  flaking,  thraado  black 
point  ruaty.  Throadod  holo 
corrodod , couotorboro  mat 
stained. 

Sou*  plating  routining  on  hoad 
throodo  black,  point  ruaty. 
Throadod  kola  black  but  not 
maty,  countorboro  mat 
otalnod . 

■tad  and  rocaaa  ruaty,  throodo 
black,  point  ruaty.  Throadod 
holo  black,  countorboro  ruot 
• talnod . 

Hoad  and  rocoaa  ruaty , thread* 
black,  point  ruaty.  Throadod 
holo  block,  countai uoro  mat 
•talnod. 


Hoad  ruaty  and  flaking,  thraada 
ruaty  Thread *4  hole  ruaty, 

counter  boro  mat  otalnod 


Hoad  ruaty  and  flaking,  thraada 
black.  Throadod  holo  maty, 
countorboro  ruot  otalnod. 


Hoad  and  rocaaa  floklng, 
thraada  Oliver  gray  with  aeon 
mat  staining.  Throadod  kola 
• lightly  ruaty,  counter  hero 

mat  atalond. 


Hand  and  racoaa  flaking, 
t broad a black.  fh_ »adad  kalt 
block  Wt  not  onry~ maty, 
no— ha  thoco  mat  a talnod . 
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t 


u«t  1*M 


Ho  I 

CedoliM 

03  to  03  alt 

■*  C hr oncer 


t'lA'lua 
05  all  ein 
* cbr«Mt« 


Ho  3 

CMtolia 

0.3  all  atn 
■ chlOMIl 

* poiriaifK* 
Sealant 


Ho  4 
Capita 

02  all  aln. 

♦ «lt« 

0 3 all 

* chraun 


HO  3 
Nickel 
• Uctfollll 

0 6 >11 


Ho  6 
Nick# 1 

# 1 #C  t rjp leted 

0 3 to  0 3 all 


Scat  1 
tfYftO 


Upper  Plata  Hatarlal 
OuiDltii  Steal 

25* 


Menas nee*  irctvia 


« Haad  and  races*  corroded. 
Thr#*da  black,  counterbor# 
and  threaded  hl'.t  ruity. 
b Head  corroded.  Cad  plat# 

remaining  on  firat  2 :nr##d*  , 
Som  on  neat  five  thread*, 
remainder  black  Countarbora 
and  threaded  ho  » rusty 


a.  Top  of  head  tapered  and 
flaktnt  off,  black  underneath 
and  on  thread*  Countarbora 
dirty,  threaded  holr  rutty 

b.  leaf  c alalia  raMi.nl of  on  7 
thraad*  froa  haad  down. 
Otherwise,  saan  a*  above 


a Haad  and  racaaa  badly 
corroded.  Thread#  black 
Counterbare  mac  stained 
• b bolt  f rosea  la 


Keen  and  race**  rutty  Cad 
plate  rrulnlni  on  first  two 
thread*,  icat  on  o#*t  6 thread*. 
Countarbora  and  threaded  hole 
rutty 

Haad  and  race*a  ru*ty.  Thread* 
black  Counterbora  and  threaded 
hole  bleck 


a.  Haad  and  racaaa  maty-  Cad 
ran* Inlag  on  6 thread*  fron 
head  down.  Counter bore  dirty, 
threaded  hole  maty. 

b.  lead  end  receee  maty.  Thread* 
black,  eouatarbere  dirty, 
thread  ad  bo  la  maty. 


a Head  ruity  Platini  ran*  In  lr> 
on  7 thread*  f ran  haa?  dowi 
Countarbora  cladn  fron 
renoved  wiping  action, 
threaded  bold  maty 
V lolt  froaae  le. 


a.  Haad  and  racaaa  rutty.  Thread* 
bi*ek  Counterbor#  rutty, 
threaded  hole  grey 
b Hea J and  race*#  rutty.  Thread* 
her#  listing  Intact  Counter- 
bore  corroded,  rbrae)*  clean. 


*.  luaty  bead  and  race** 

Tu.^ad*  coated  with  aaalane, 
courier bore  stained,  thraad* 
dirty  but  not  rutty  accept 
under  haad  In  a fev  a pot a 
b.  luaty  bead  and  meat*.  Ho 
alpilflt  it  difference  fron 
above  *-  «pt  that  aaalant 
look*  n- ear  under  bead 


a.  Suaty  haad  end  ecea*  Black 
thread*  and  undei  haad  Hack 
countarbora  and  threaded  hole 

b.  luaty  heed  and  race** 

Sealant  still  on  thread* 
Countarbora  stained . thread* 
clean 


Head  and  race**  corroded . 

Thread*  have  dim  corroolee 
product*  Countarbora  maty 
thr* aded  hole  ha*  vhi'i 
corroelon  product*. 

Haad  end  recea*  corroded.  Throada 
black  and  rusty  Counlerbor* 
ru*ty  Threaded  hoi#  black. 


a.  bnaty  head  and  racaaa,  Alt* 
corrosion  produce  tbrond# 
and  threaded  hole. 

b.  luaty  bead  and  race** , maty 
t breed  a , threaded  bale  'alack 


i.  Bead  and  rece**  tatty. 

Thr a ode  black  and  slightly 
maty.  Threaded  bale  maty 
b.  Head  and  rece**  maty  Thread* 
black  Countarbora  and  threaded 
bale  blaca. 


a Corroded  haad  end  race#*, 
rutty  and  black  thread*  , 
black  rount#k  bore  end  threaded 
hole 

b Corroded  head  and  rece**, 
coating  atl'l  on  thread*. 
Stained  countarbora  and  black 
threaded  hot*. 

a Head  stained,  »«-**#  rusty, 
t read#  r\i  ty.  count  arbor* 

. d thread  4 hoi#  maty. 

t Sana  aa  above 


a.  luaty  head  and  races* , black 
threads , bl.-k  eouatarbere 
end  threaded  hot*, 
b lusty  haad  sad  meats, 

threads  dirty  and  slightly 
maty.  Threaded  bole  black. 


a.  lust  etalned  head,  casting 
intact,  thraad*  black, 
threaded  bole  black 
k Sms  as  abo-a. 


a.  badly  cart  d head,  thread* 
black,  count*,  bore  and 
threaded  bo la  black 

b.  badly  corroded  hoed,  thread* 
dirty  but  plating  Intact 
Three led  bole  dirty 


a Stained  haad,  coat'ag  a c 1 1 1 
present,  black  three's  , dirty 
c -iter bore  black  threaded  hole 
b Sana  aa  above. 


No  7 

h like  I - ■ acta  lv« 
d 1 f fu«ed 


* gust  atainad  head,  rusty 
races*  , blrck  thread*  and 
Mack  threaded  hoi* 
t*  Sew  **  above 


a Stained  haad,  rusty  racaaa , 
b*ack  threads,  blrCk  threaded 
hole 

b Sen»  m*  above 


a.  Stained  haad . sane  at  above 
b San*  a*  above 


I 


No  * 

Semale!  w 

0 k rn  n ? all 


a Suaty  h»ad  and  recess  , black 
'breads  end  threaded  hoi* 
b Sane  aa  above 


..  sit*..-  f rutty  haad  and  recast , 
maty  threads , black  threaded 
hoi* . 

b.  Sana  a*  above 


a.  lusty  haad  and  races*,  black 
thread*  , black  threadod 
hoi# . 

b Sae  a*  above. 


No  « 
l Inc 

0 3 (o  0 3 at  I 

* rhmsif 


a Sue  tv  ell  over  on  bolt 
*n>J  threaded  hole 
t 5 ••*  a*  above  eacapt  for 
whit#  or r o*io*  product* 
on  thread* 


a.  luaty  haad  and  recess , black 
threads  and  threaded  hole 
a.  Bane  as  above. 


a.  luaty  haad  and  races*,  black 

thraad*  and  threaded  hoi*  { 

b Sana  aa  *uov*  and  tdiita  corrosion 
product*  on  thraad*  end  to 
threaded  hoi# 


•••  10 
ta< 

0 3 el ! uin 


* ' kroner  a 


* n t o»  a t w 

• Olvljlll 

tea l ant 


/ In*  0 . all 

< adiln 

0 3 all 


Suttv  haad  and  race** , wfe't* 
corrosion  product*  end  rust  aa 
rhreada  in*  in  threaded  Hal# 
Suatv  head  and  rectal,  maty 
thread*  . black  threaded  Hale 

Pu#t  heed  end  recea*.  ruety 
thread*,  rutty  rountarbar* 
Su*t»  head  and  racaa* , clean 
threaded  hole 


• lutty  Haad  and  recess,  unite 
and  ruttv  predurt*  o».  thread*, 
tkrtadaa  hale  rv*:y 
b lutty  all  over,  tfteadt  1 hats 
m*ty . 

a lutty  kill  and  rttiu,  ruttv 
thraad*.  rutty  (breaded  hols 
b luaty  hard  and  reredd,  rlaaa 
thread*  ana  ckre  dad  hale 


a Suaty  haad  and  recea*,  wMt* 

cor ro* Ion  product*  on  thread* 
with  rust  Threaded  hale  ble-.fc 
b Rutty  all  aver  . threaded  hale 
maty 

e bu*iy  head  and  thread* , ruttv 
threaded  hoi* 

b gutty  Head,  cl#**  thread*,  clean 
cflunrerbor* 


: 1 

I 

1 ; 


a luaty  baud  and  racaaa,  light 
gray  thread#  and  clean  hale, 
b Busty  Haad  and  reman . maty 
»<■»<■  maty  He*  ids  I 
H*U 

canatavWe* 


a.  Threads  light  gray,  i«a.y  Haad  and 


mans , llg|bt  gray  ran*  car  bar* 
b Bnaty  Hnnd  and  racaaa,  bleak  t breed* 


Rutty  head  end  recea*.  tdlta 
and  gray  thread*.  iai  la 
threaded  bale 

Bnaty  band  and  racaaa . ablta 
aM  maty  (breads , maty 


TABLE  XXIII 


Long  Term  High  Temperature  Test  Results  - 6 weeks 


No. 

Coating 

Appearance 

1. 

None 

Studs  and  nuts  rusty,  small  number  of  rust 
spots  on  panel. 

2. 

Electroplated  Nickel 
0.4  mil 

Nuts  discolored,  greenish  deposit  on  studs. 
Panel  coating  blistering  around  nuts. 

3. 

Electroplated  Nickel 
0.7  mil 

Nuts  discolbred,  greenish  deposit  on  studs. 
Panel  coating  blistering  around  nuts. 

4. 

Diffused  Ni-Cad 

Yellow-green  color  on  studs  and  nuts. 
Panel  coating  blistering  around  nuts. 

5. 

Electroless  Nickel 
0.4  mil 

Slight  rusting  on  nut  drive  surfaces  and  stud 
threads.  Panel  blistering  around  nuts. 

6. 

Electroless  Nickel 
0.7  mil 

Slight  rusting  on  nut  drive  surfaces  and  stud 
threads.  Very  slight  blistering  evident  on 
panel  around  nuts. 

7. 

Electroplated  Nickel 
+ SermeTel  W 

Nut  edges  slightly  attacked,  stud  threads  have 
yellow-green  coating.  Slight  blistering  on 
panel  around  nut. 

8. 

l 

SermeTel  W 
0.4  - 0.7  mil 
375° F cure 

Slight  blistering  on  panel  around  nuts.  Dark 
products  on  stud  threads.  Nuts  look  good. 

9. 

SermeTel  W 
650°F  - 15  min. 
1000° F - 1 1/2  hr. 

Slight  blistering  of  panel  around  nuts.  Studs 
rusting  on  threads.  Nut  edges  darker  than  faces 

j 10. 

Inconel  718  stud 
Waspaloy  nut 

Slight  blistering  of  panel  around  nuts.  White 
product  evident  on  stud  end  is  probably  remains 
of  dry  film  lubricant. 

I 
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No. 

1. 


2. 


3. 


5. 


6. 


7. 


9. 


10. 


Long  Term  High 
Coating 
None 


TABLE  XXIV 

Temperature  Teat  Results  - 15  Weeks 
Appearance 


Electroplated  Nickel 
0.4  mil 


Electroplated  Nickel 
0.7  mil 


4.  Diffused  Ni-Cad 


Electroless  Nickel 
0.4  mil 


Electroless  Nickel 
0.7  mil 


Electroplated  Nickel 
+ SermeTel  W 


Serine  Tel  W 
0.4  - 0.7  mil 
375°F  cure 


SermeTel  W 
630""  - 15  min. 
1000° F - 1 1/2  hr. 


Inconel  718  Stud 
Waspaloy  Nut 


Studs  and  nuts  rusty,  severe  rusting  on  sides 
and  end  of  plates,  faces  slightly  rusty. 


Threads  rusted  slightly,  rust  Btalns  on  side 
of  plate,  blistering  around  nuts. 


Slight  rusting  of  threads  and  nut  faces, 
sides  and  end  of  block.  Severe  lifting  of 
coating  around  nuts. 


Stud  ends  and  nuts  rusty,  severe  rusting  on 
sides  and  end  of  block.  Severe  lifting  of 
coating  around  nuts. 


Slight  rust  stains  on  sides  and  end  of  block. 
Slightly  rusty  threads  and  nuts,  slight 
lifting  around  nuts. 


Rust  stains  on  sides  and  end  of  ble~k.  Slight 
rusting  of  nuts  and  threads.  Slight  lifting 
around  nuts. 


Rust  stains  on  sides  and  end  of  block, 
lifting  around  nuts. 


Slight 


Rust  stains  on  side  and  end  of  blocks.  Slight 
rusting  in  threads,  slight  lifting  around 
nuts . 


Slight  rusting  on  nut  faces,  rust  stains  on 
side  and  end  of  blocks,  slight  lifting  around 
nuts . 


Excellent  compatibility . Slight  lifting  or 
extrusion  of  aluminum  coating  under  one  nut. 
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TABLE  XXV 

Long  Term  High  Temperature  Teat  Results  - 9 Months 


Coat ins 


Appearance 

Studs  and  nuts  rusty,  severe  rusting  on  sides 
and  end  of  plates,  faces  rusting  in  locallized 


Electroplated  Nickel 
0.4  mil 


Electroplated  Nickel 
0.7  mil 


Diffused  Ni-Cad 


Electroless  Nickel 
0.4  mil 


Electroless  Nickel 
0.7  mil 


Electroplated  Nickel 
+ SermeTel  W 

SenneTel  W 
0.4  - 0.7  mil 
375° F cure 


Small  degree  of  rust  in  threads  and  on  ends  of 
studs.  Plate  sides  and  ends  rusty,  coating 
consumed  around  holes  at  end  of  plate , less 
consumed  around  interior  holes. 

Almost  rust  free  threads,  nuts  rust  free  except 
for  some  on  internal  threads . Severe 
depletion  of  aluminum  coating  on  plate  around 
holes,  rusting  of  Bides  and  ends. 

Rusting  on  stud  ends  and  nuts,  sides  and  ends 
of  blocks.  Coating  consumed  around  holes  at 
end  of  plate. 

Studs  and  nuts  rusty,  severe  rusting  of  plate 
sides  and  ends.  Complete  consummation  of 
coating  around  all  holes. 

Rusty  studs  and  nuts,  not  as  severe  as  above. 
Rusting  ends  and  sides  of  plate,  coating 
consumed  around  holes  near  end . 

Very  slight  rusting  on  studs  and  nuts,  little 
loss  of  coating  around  holes. 

Rusting  especially  evident  on  threads  of  studs 
and  nuts  as  well  as  stud  shank.  Plate  coating 
attacked  slightly  around  holes  but  rusty  on 
sides  and  ends. 


SenneTel  U 
650" F - 15  min. 
1000° F - 1 1/2  hr. 


Rusting  especially  evident  on  threads  of  studs 
and  nuts  as  well  as  stud  shank.  Plate  coating 
attacked  slightly  around  ho las  but  rusty  on 
sides  and  ends. 


Inconel  718  Stud 
Waspaloy  Nut 


Slight  discoloration  of  Inco  718  stud.  Some 
hard  to  remove  rust  stains  on  nut.  Depletion 
of  coating  around  some  holes,  sides  and  ends 
rusty. 


L 
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TABLE  XXVI 


Breakaway  Torques  for  3/4-10  Studs  and  Nuts  In  HI  Temperature  Test 


Pane  1 
& Stud 
No.* 

Foot- 

Front 

Pounds 

Rear 

Stud  & Nut 
Coating  System 

Panel 
& Stud 
No.* 

Foot-Founds  Stud  & Nut 

Front  Rear  Coating  System 

1 - 1 

425 

100 

6 - 1 

225 

100  Electroless 

1 - 2 

75 

125 

Bare 

6-2 

200 

75  Nickel 

1 - 3 

400 

225 

6-3 

100 

50  0.0007" 

1 - 4 

375 

150 

6-4 

250 

50 

2 - 1 

325 

175 

Electroplated 

7-1 

450 

300  Electroplated 

2-2 

375 

125 

Sulfamate 

7-2 

350 

75 

Sulfamate  Nickel 

2-3 

250 

150 

Nickel 

7-3 

200 

125 

0.0003"  and 

2-4 

325 

125 

0.0004” 

7-4 

325 

75 

SermeTel  W 
0.0003  to  0.0007' 

3 - 1 

350 

150 

Electroplated 

8-1 

350 

275 

SermeTel  W 

3-2 

325 

175 

Sulfamate 

8-2 

400 

125 

per  AMS  2506 

3 - 3 

100 

50 

Nickel 

8-3 

225 

175 

0.0003”  to 

3-4 

375 

125 

0.0007” 

8-4 

450 

200 

0.0007" 

4 - 1 

300 

50 

Diffused 

9 - 1 

375 

150 

SermeTel  W 

4-2 

275 

100 

Nickel- 

9-2 

375 

150 

0.0004  to  0.0007’ 

4-3 

175 

0 

Cadmium  per 

9-3 

250 

175 

15  min.  at  650°F 

4-4 

300 

25 

AMS  2416 

9-4 

375 

150 

1.5  hr  at 
1000° F 

5 - l 

275 

200 

Electroless 

10  - 1 

250 

0 

Inconel  718 

5-2 

275 

175 

Nickel 

10-2 

275 

0 

Studs 

5-3 

5-4 

Note  1 . 

300  125 

300  150 

* Location  is 

0.0004” 

shown  in  sketch: 

10-3 

10-4 

20 

0 0 

•0  0 

Panel 

No. 

1 2 
3 4 

Wasps loy  Nuts 

Note  2.  All  threaded  surfaces  Initially  coated  with  MIL-L-46010  (HR) 
(Sandstram  9A)  dry  film  lubricant 
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TABLE  XXVII 

Breakaway  Torques  for  3/4-10  Studs  and  Nuts  in  Exposure  Racks 


Saratoga 

Ranger 

Coating 

Torque , 

Torque , 

No. 

Sys tem 

Foot-Pounds 

Foot-Pounds 

1. 

Bare 

200 

0 

200 

150 

2. 

Diffused 

150 

150 

Nickel-Cadmium 

150 

125 

3. 

Electroplated 

175 

125 

Nickel,  0.7  mil 

150 

125 

4. 

Electroless 

200 

0 

Nickel , 0.4  mil 

225 

125 

5. 

Electroplated 

150 

175 

Nickel,  0.4  mil 

175 

150 

6. 

Inconel  718  Stud 

75 

125 

Waspaloy  Nut 

125 

125 
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TABLE  XXVIII 

Results  of  Exposure  aboard  U.S.S.  Saratoga  for  6 Months 


No. 

Coating 

System 

Results 

1. 

Bare 

Extremely  rusty  all  over  except  on  engaged 
threads . 

2. 

Diffused 
N icke 1-Cadmium 

White  corrosion  products  on  nut  flats  and 
stud  ends.  Free  spinning  nut  on  stud. 

3. 

Electroplated 
Nickel,  0.7  mil 

No  corrosion  evident  except  for  rust 
stains  from  adjacent  rusting  angle.  Free 
spinning  nut  on  stud. 

4. 

Electroless 
Nickel , 0.4  mil 

Rusty  stud  and  nuts  except  for  engaged 
threads.  Plating  lifting  off  from 
corrosion  products. 

5. 

Electroplated 
Nickel , 0.4  mil 

Extremely  light  rust  in  outer  threads  of 
nuts.  Studs  exceptionally  clean.  Free 
spinning  nut  on  stud. 

6. 

Inconel  718  Stud 
Wasplaoy  Nut 

No  corrosion.  Free  spinning  nut  on  stud. 

L 
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TABLE  XXIX 

Metal  Sprayed  Coating  Corroaion  Teat  Results 


Thickness , 


After  1000  hr.  51  salt  spray 


ob  heads  of  small  bolts.  White 
corrosion  product  all  over . 


a 


i 

y 


Code 

A 

mil 

Coat  Inst 

Result 

.002 

Aluminum 

Red  rust  in  recess  bottom,  underhead. 

(wire  spray) 

and  on  threads  of  large  bolt.  White  | 

After  1000  hr.  57.  salt  spray 

corrosion  products  all  over.  Red 

rust  in  recess  bottom  of  small  bolts, 
white  corrosion  products  all  over. 

] 

A 

.003 

Aluminum 

1 

Red  rust  in  recess  bottom  and  under- 

(Wire spray) 

head  on  large  bolt.  White  corrosion 

After  1000  hr.  57.  salt  spray 

products  all  over.  Red  rust  in 

bottom  of  recess  of  small  bolts. 

AM 

.002 

Aluminum/ 

901  of  large  bolt  has  red  rust. 

Molybdenum 

remainder  has  white  corrosion 

After  7 

days  51  salt  spray 

products . 

AM 

.002 

Aluminum/ 

951  of  large  bolt  has  red  rust. 

Molybdenum 

remainder  has  'white  corrosion 

Heat  treated 

products . 

After  7 

days  51  salt  spray 

1 

AM 

.003 

Aluminum/ 

951  of  large  bolt  has  red  rust. 

Molybdenum 

remainder  has  white  corrosion 

After  7 

days  51  salt  spray 

products . 

AM 

.003 

Aluminum/ 

501  of  large  bolt  has  red  rust. 

Molybdenum 

remainder  has  white  corrosion 

Heat  treated 

products 

After  7 

days  57.  salt  spray 

AMP 

.002 

Aluminum/ 

Red  rust  on  head,  in  recess,  around 

MP35N 

head  and  on  threads  of  large  bolt. 

After  1000  hr.  51  salt  spray 

White  corrosion  products  on  remainder 

of  area  and  on  small  bolts. 

AMP 

.002 

Aluminum/ 

Red  rust  of  head  and  recess  of 

MP35N 

large  bolt.  White  corrosion  products 

Heat  treated 

on  remainder  of  area  and  on  email 

After  1000  hr.  51  salt  spray 

bolts . 

AMP 

.003 

AlualmW 

Red  rust  and  white  corrosion  products 

MP35H 

everywhere  on  large  bolt.  Red  rust  j 

I 

I 
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Metal  Sprayed  Coating  Corrosion  Test  Results 


Thickness , 

Code  mil  Coating 

AMP  .003  Aluminum/ 

MP35N 

Heat  treated 

After  1000  hr.  5 % salt  spray 


AT  .002  Aluminum/ 

Titanium 

After  552  hr.  5%  salt  spray 

AT  .002  Aluminum/ 

Titanium 

After  1000  hr.  57.  salt  spray 

AT  .003  Aluminum/ 

Titanium 

After  1000  hr.  57.  salt  spray 

MP  .002  Multiphase 

MP35N 

After  7 days  57.  salt  spray 

MP  .003  Multiphase 

MP35N 

After  7 days  57.  salt  spray 

HA  .002  Nickel  Aluminide/ 

Aluminum 

After  1000  hr.  57.  salt  spray 

NA  .003  Nickel  Alunlnide/ 

Aluminum 

After  1000  hr.  5%  salt  spray 

T .002  Titanium 

After  7 days  51  salt  spray 

T .003  Titanium 

After  7 days  51  salt  apray 

Z .002  Zinc 

After  1000  hr.  5X  salt  apray 


Result 

Red  rust  in  recess  and  around  head. 
White  corrosion  product  all  over. 
Coating  flaking  off.  Coarse  thread 
small  bolt  has  red  rust  on  head  and 
in  recess.  Fine  thread  has  red  rust 
in  recess.  Both  have  white 
corrosion  products. 

Red  rust  on  757.  of  big  bolt.  White 
corrosion  products  elsewhere. 


Red  rust  in  recess  bottom  around 
head  of  both  small  bolts. 


Red  rust  in  recess  bottom  and 
around  head.  White  corrosion 
products  all  over. 

Red  rust  100%  of  area  all  three 
bolts . 


Red  rust  100%  of  area  all  three 
bolts . 


No  red  rust.  White  corrosion 
products  all  over  the  three  nuts. 


Red  rust  in  recess  bottom  and  spotty 
elsewhere.  Fine  thread  bolt  rusty 
over  501  of  area. 

Red  rust  100%  of  area  all  three 
bolts . 

Red  rust  100%  of  area  all  three 
bolts . 

White  corrosion  products  and  red 
rust  all  over  on  large  and  coarse 
thread  bolts.  Slight  red  rust  in 
recess  and  around  head  of  fine 
thread  bolt. 
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TABLE  'OQX  - (Continued) 

Metal  Sprayed  Coating  Corrosion  Test  Results 


1 


Code 

Thickness , 
mil 

Coating 

Results 

Z 

.003 

Zinc 

Red  rust 

and 

white  corrosion 

After  1000 

hr.  5%  salt  spray 

products 

all 

over  on  all  three  bolts. 

ZA  .002  Zinc/ 

Aluminum 

After  1000  hr.  STL  salt  spray 

ZA  .003  Zinc/ 

Aluminum 

After  1000  hr.  5Z  aalt  spray. 


White  corrosion  products  on  all 
three  bolts.  No  red  rust  evident. 


White  corrosion  products  on  all 
three  bolta.  No  red  rust  evident. 


I 


A 
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TABLE  XXX 

Corrosion  Rates  of  Selected  Coating  Systems 
MPY  at  4.5  Months 


System 

Initial 

Steel 
Top  Plate 

SS 

Top  Plate 

Mn  - Br 
Top  Plate 

1 . Cad  + Chromate 

6.29 

.50 

.052 

.196 

2.  Cad  + Chromate 

4.15 

.203 

.041 

.65 

3.  Cad  + Chromate 
+ Polysulfide 

.39 

1.04 

.98 

.56 

4.  Cad  + Zinc  + 
Chromate 

3.01 

24.8 

14.72 

.46 

5.  Electroless 
Nickel 

8.25 

24.2 

.87 

1.05 

6.  Electroplated 
Nickel 

1.03 

11.5 

15.1 

10.7 

7.  Diffused 

Nickel-Cadmium 

5.96 

63.3 

43.9 

36.3 

8.  SermeTel  W 

.34 

20.31 

16.33 

31.04 

9.  Zinc  + Chromate 

1.88 

.047 

15.7 

.13 

10.  Zinc  + Chromate 

1.92 

13.27 

8.43 

9.94 

11.  Zinc  + Chromate 
+ Polysulfide 

.027 

.027 

3.25 

.012 

12.  Zinc  Cad 
+ Chromate 

1.3 

.080 

12.04 

.013 

* 
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TABLE  XXXI 

Corrosion  Potentials  of  Selected  Costing  Systems 


(Volta)  Ag 

- AgCl  Ref. 

at  4.5  Months 

System 

Initial 

Steel 
Too  Plate 

SS 

Top  Plate 

Mn  - Br 
Top  Plate 

1.  Cad  + Chromate 

-.77 

-.66 

-.63 

-.59 

2.  Cad  + Chromate 

-.77 

-.69 

-.69 

-.53 

3.  Cad  + Chromate 
+ Polysulfide 

-.76 

-.71 

-.71 

-.83 

4.  Cad  + Zinc 
+ Chromate 

-1.05 

-.49 

-.46 

-.45 

5.  Electroless 
Nickel 

-.42 

-.22 

-.39 

-.60 

6.  Electroplated 
Nickel 

-.53 

-.29 

-.42 

-.33 

7.  Diffused 

Nickel-Cadmium 

-.66 

-.23 

-.23 

-.21 

8.  Sense  Tel  W 

-.75 

-.32 

-.46 

-.16 

9.  Zinc  + Chromate 

-1.10 

-.57 

-.53 

-.46 

10.  Zinc  + Chromate 

-1.07 

-.52 

-.54 

-.51 

11.  Zinc  + Chromate 
+ Polysulfide 

-1.02 

-.98 

-.53 

-.84 

12 . Zinc  + Cad 
+ Chromate 

-.93 

-.69 

-.54 

-.41 

i 

\] 
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TABLE  XXXII 

Corrosion  Rates  of  Selected  Coating  Systems 
MPY  at  9 Months 


Steel 


SS 


Mn  - Br 


System 

Initial 

Top  Plate 
I II 

Top  ! 
I 

Plate 

II 

Top  1 
I 

Plate 

II 

1.  Cad  + Chromate 

6.29 

26.19 

15.00 

20.36 

14.25 

25.69 

17.21 

2.  Cad  + Chromate 

4.15 

26.01 

16.99 

25.29 

25.00 

27.29 

22.45 

3.  Cad  + Chromate 

.39 

13.81 

11. '96 

9.03 

11.82 

18.97 

13.95 

+ Polyaulflde 

4.  Cad  + 2 Inc 

3.01 

23.41 

14.83 

18.58 

3.27 

28.34 

24.28 

+ Chromate 

5.  Electroleas 

8.25 

15.18 

16.93 

14.34 

23.34 

36.12 

14.34 

Nickel 

6.  Electroplated 

1.03 

45.90 

10.24 

24.77 

10.84 

29.48 

14.24 

Nickel 

7.  Diffused 

5.96 

11.97 

14.30 

6.69 

9.54 

8.37 

9.75 

Nickel-Cadmium 

8.  SermeTel  W 

.34 

24.68 

13.55 

21.96 

8.94 

16.25 

10.61 

9.  Elnc  + Chromate 

1.88 

22.50 

11.17 

19.71 

12.45 

8.96 

12.36 

10.  Zinc  + Chromate 

1.92 

22.40 

10.23 

22.33 

10.30 

17.03 

11.13 

11.  Zinc  + Chromate 

.027 

11.29 

13.21 

6.98 

12.26 

9.96 

13.73 

+ Polysulfide 

12 . Zinc  + Cad 

1.3 

17.96 

12.90 

19.92 

5.96 

32.91 

14.45 

+ Chromate 

Note  T.  Removed  and  reinstalled  after  4.5  months 
II.  Removed  only  after  9 months 
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TABLE  XXXIII 

Corrosion  Potentials  of  Selected  Coating  Systems 


(Volts)  Ag 

1 

> 

Ref.  at 

9 Months 

Sys  tem 

Initial 

Steel 
Top  Plate 
I 11 

TO£_ 

I 

SS 

Plate 

11 

Mn 

122. 

I 

- Br 
Plate 
II 

1.  Cad  + Chromate 

-.77 

-.53 

-.57 

-.52 

-.55 

-.53 

-.56 

2.  Cad  + Chromate 

-.77 

-.51 

-.64 

-.52 

-.64 

-.53 

-.65 

3.  Cad  + Chromate 
+ Polysulfide 

-.76 

-.54 

-.65 

-.54 

-.64 

-.54 

-.66 

4.  Cad  + Zinc 
+ Chromate 

-1.05 

-.52 

-.62 

-.53 

- .55 

-.52 

-.55 

5.  Electroless 
Nickel 

-.42 

-.52 

-.51 

-.52 

-.50 

-.53 

-.53 

6.  Electroplated 
Nickel 

-.53 

-.49 

-.50 

-.50 

-.49 

-.51 

-.51 

7.  Diffused 

Nickel-Cadmium 

-.66 

-.49 

-.51 

-.46 

-.47 

-.49 

-.51 

8.  SermeTei  W 

-.75 

-.50 

-.54 

-.52 

-.55 

-.51 

-.54 

9.  Zinc  + Chromate 

-1.10 

-.52 

-.51 

-.52 

-.51 

-.51 

-.52 

10.  Zinc  + Chromate 

-1.07 

-.53 

-.53 

-.53 

-.53 

-.54 

-.52 

It.  Zinc  + Chromate 
+ Polysulfide 

-1 .02 

-.51 

-.85 

-.54 

-.85 

-.53 

-.93 

12.  Zinc  + Cad 
+ Chromate 

- .93 

-.52 

-.52 

-.53 

-.66 

-.51 

-.64 

K*fC  « O . » » HJ 
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Note  I.  Removed  and  reinstalled  after  A. 5 lonths 
II.  Removed  only  after  9 months 
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Photo  I 9 mouth  ex:>  'Sure  of  cadmium  plating  in  steel  block  j 

i:  , i -tfiii;  titv  produced  severe  testing  in  steel  block.  j 

See  I able  XXII.  J 


Pho  to  15.  ihe  seai.mt  s;.ster.:<  • 1 ) :«nd  t iu«  7.  i m • e.oitmiun 
svstem(l-)  11!  fe-pd  r>ror<  e!  for.  t .>  t* :t ■ thr*  .uls 
9 months  exposure  < . i : ,■  " 1 4-  > 
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Photo  16.  V month  exposure  o t cadmium  platings  at.  • ve.'in  C i l > 
pr.-cha  eh  no  corrosion  of  manganese  bronco  block. 
See  "■le  XXII. 


Photo  17.  Neither  cadmium  plating  system  lasted  the  9 month 
exposure  at  Ocean  City.  See  Table  XXIT. 
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iht-  sealant  systemOD  and  the  zinc  + cadmium 
s ys  tern  F 1 2 ) offered  protection  to  the  threads  alter 
9 months  exposure  at  Ocean  Citv.  see  fable  XXII 
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_Ptioto  41.  s Titoi; tli  cxinsiirc  at  Ocean  Citv  nrodueed  limited  galvanic 
corrosion  around  holes.  See  iahle  XXV. 
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Photo  42.  0.4  mil  nickel  plated  studs  and  nuts  have  verv  small 
amount  of  rust  after  the  9 month  exposure  at  Ocean 
Citv.  See  lab le  XXV . 


N&lC-F  NG 


t’hoto  43.  V month  exposure  at  ocean  Citv  produced  galvanic  i orros  i on 
1 coating  system  around  hole.  Set-  'i  able  \XV. 
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Photo  45.  9 month  exposure  at  Ocean  Oitv  produced  limited  (lalvanic 
corrosion  around  holes.  See  Table  XXV. 
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Photo  96 . Diffused  Ni-Td  coating  on  studs  ami  nuts  allowed  slight 
rusting  after  the  9 month  exposure  at  Ocean  hi  tv.  Set 
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Photo  h9.  9 month  exposure  at  Ocean  City  produced  little  ga 1 van i 
corrosion  of  coating  system.  See  fable  XXV . 


Photo  50.  0.7  mil  electroless  nickel  plating  on  studs  and  nuts 
allowed  rusting  after  the  9 months  exposure  it  Ocean 
C i t v . See  Tab  1 e XXV . 
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H:  :h  , emper.i  ture  Lon*  . erm  Exposure 


Photo  5ft.  Inco  718  studs  and  nuts  shew  no  corrosion  after  a 9 montl 
exposure  at  Ocean  Citv.  See  Table  XXV. 
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“ APPENDIX  A 

The  following  symbols  sre  used  and  defined: 
Symbol  Definition 
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Bolt  area 


Area  of  joint  material 


AlB 

a‘b 


Bolt  diameter 
Flange  inner  diameter 
Flange  outer  diameter 

Modulus  of  elasticity  of  bolts  at  room  temperature 
Modulus  of  elasticity  of  bolts  at  650°F 

Modulus  of  elasticity  of  joint  material  at  room  temperature 

Modulus  of  elasticity  of  joint  material  at  650"F 

Bolt  force 

Bolt  force  at  650®F 

Joint  force  at  650*F 

Total  Joint  preload  due  to  all  bolts  at  room  temperature 
Total  change  in  length  of  bolt  and  Joint  due  to  temp,  change 
Bolt  length 

Bolt  length  change  at  room  temperature 
Bolt  length  change  due  to  temperature  change 
Joint  thickness 


AiT 


Joint  compression  at  room  temperature 

Joint  thickness  change  due  to  temperature  change 

Total  change  in  length  of  bolt  and  joint  at  temperature,  due  to 
remaining  preload 

Total  change  in  length  of  bolt  and  joint  at  6S0*F 
Total  nuafcer  of  bolts  in  joint 
Change  in  temperature 
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Linear  coefficient  of  expansion  of  bolt  between  room  temperature 
and  650°F 

Linear  coefficient  of  expansion  of  joint  material  between  room 
temperature  and  650*F 

Bolt  strain,  inches/inch 

Joint  strain,  inches/inch 

a 

Stress  in  bolt  at  room  tempera -i.re 
Stress  in  bolt  at  650aF 


Stress  in  flange  (compressive) 

O’1  Stress  in  joint  at  650®F 

DEVELOPMENT  OF  EQUATIONS 
At  room  temperature  the  joint  area,  Aj  ■ 

*)  ■ f <D2  ' D5>  ' " <?**> 

Aj  - Tt  (D|  - Of  - nd2) 

The  flange  streee  ■ — where  (-  ^ • -^-L.  * ^3 

1 *3  ’ eJ  T7 

Therefore,  Alj  “ 

w — 4 Fj 

Therefore,  U , - — — * *- 

J TT(l>22  - Df  - nd2) 


Therefore,  £ 


Therefore,  AlR 


7T(D 


2 " “ nd  ) Ej 


4 Fj 


J 7T( V>\  - Df  - nd2)  B j 

which  is  the  joint  compression  at  room  temperature. 

The  bolt  force,  Fm  ■ — where  the  bolt  ares,  A.  • — d* 

B o 8 4 
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^-R  FB  . 4 ft 

V n ■ 7—  ' ~ 


B A 


r? 


Where  C ■ - — * 

B lh 


Therefore,  AlB  *£Blg 

a r 4 pT  1B 
Therefore,  Al„  ' 

which  ia  the  bolt  length  change' at  room  temperature 

At  650°F,  AlJ  - 1B  CXgAT 
Al]  - lj  «*jAt 

Ai  -Aib  -AiJ  - dB«*B  - Ij^^At 


Ait  -Ai*  +Ai*  -Ai 


Ait 


.4  FT 


+ 4 FT  1B 


TT  (D2  - - nd2)  Ej  n 7Td2  Eg 


■ <Y*.,  - 


or 


+ _£LiiL  -<VS- 

(*j  -■>»„>  *5  EB 


(U 


The  remaining  bolt  load  at  temperature  la  determined  aa  follow*: 


Since  fT  •<T\  A and  F*  - <T\  A , and  F*  - n fL 

J jj’  B BB  J B 


Ai 


Ai 


XhanCTj-lJ  «dCTj-Ej 


t 


«M  H*CC.?«5StMtV.  168) 


>UI«  •«.  H IK 


But  (j1^  Aj  = nCTj  ab  and  A 1 * + Alg  " Al^ 

X'T  n^B  AB  T AlT 

There  fora  (j  - — - E — -i 

J Aj  J lj 

n AB  lj 

cTT  - e1  Ali 

B B 1, 
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Therefore  EJ  A ^ 

n Ag  lj  lg 

or  Alg  - .jA-Ai4.L1 

eb  lj  ab  n 

Therefore  A 1^  *=  ^ — " — * (Alx  - Alg) 

EJ‘jAB 

1 Ej  #1B  Aj 
If  K - - l 

EB  lj  AB 


Then  A lg  - K A l£  - kAb 


or  A 1^  (1  + K)  = K Alj 


Therefore  A 1 J - (jK+  K)  ^ *] 


T /rT  T 

and  P - 0 n A or  A. 


a>: 


B B 1. 


The  solution  of  equations  1 through  4 will  yield  the  regaining  bolt 
preload  at  teaperature. 
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